Go ogle 



This is a digital copy of a book Ihal was preserved for generations on libraiy shelves before il was carefully scanned by Google as part of a projecl 
to make Ihe world's books discoverable online. 

It has sm-vived long enough for the copyright (o expire and the book lo enter Ihe public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright lenn has expired. Whether a book is in the public domain may vary country lo country. Public domain books 
are our gateways to Ihe past, representing a wealth of history, culture and knowledge that's often difficult lo discover. 

Maiks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a Iibrai7 and finally to you. 

Usage guidelines 

Google is proud lo partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask Ihat you: 

+ Make noncommercial use offheffics We designed GoogJe Book Search for use by individuals, and we request that you use these files for 
persona] « non -commercial purposes. 

+ Refrain from autorrtated queiying Do not send aulomated queries of any sort to Google's syslem: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of texl is helpful, please contact us. We encourage the 
use of public domain materials for Ihese pur|X)ses and may be able to help. 

+ Maintain aHiibaiion The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring thai what you are doing is legal. Do not assume thai just 
because we believe a book is in Ihe public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can*t offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume thai a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Seareh 

Google*s mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search thi-ough Ihe full text of this book on Ihe web 



at http: / /books ■ google ■ com/ 



I 



^1 



» 



i 



A 



/ 

CDc Sctcncc Serkg 

■HTVD VV 

jiJ>b 



THE SOLAR SYSTEM 



..•\\ 



I- 



( 



The Solar System 

Study of Recent OtMcnurinn* 

\ 



ChiriM lam Poor 




The Solar System i 

A Study of Recent Observations 

\ 



Br 

Charles Lane Poor 

Pr qffo r of AtAnmovf iti-C^hiii bl > Usivcnli; 



Illuscratrd 



'• • 



C. P. Putnam's Sons 
New York & London 

lOoH 




f fl V ' ' t* 






. r-*.' 



:, *^- 






: " ■*■ y ' 



:-\r. : \ 



^TlV TW^WfTT^'C'cT ^rf^t, ^^^* JBBT 



PREFACE 



523. -i. 






THIS work grew out of a series of lecture** de- 
livered at Cohunliia University. InteiKlccI for 
the ^riierfti student, these were msinl}' historical 
and were used to suppkijicnt standard text-hooks 
and to ^lide the students in their reading. An at- 
tempt wss made to present the subjeet in nnteehnical 
InTiguA^e am! withimt the use of mathemuties: to 
shiiw by what steps the precise knowledge of lo-day 
has been reaehed* and to explalfi the marvellous resnltti 
of modern methods und modern observations. 

The subject nf the present volume, the Solar Sy«- 
tem. covers such a wide flehi that* in order to keep 
within reasonable l)riund.s, many interesting .subjects 
liad to !>e omitted. To this nmy be attributed the 
nitlier scant mentioii of niany imporlant inattera and 
like entire elJminiition of others. Kelipses of the 
sun, the most impressive of a-stronomicul phenomena, 
liave Ijeen passed over with but brief mention hi con- 
ncction with the study of solar physics. On the other 
hand consi(lera}»Ie space has been devoted to the 
Tides and to Tidal Kvolulimi. subject-** bvit briefly 
treated in most astronomical works. 

Mu» has been given more npaec than the subject 
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really warrants. But so much has been written about 
the so-called Martian Canals and such attractive con- 
clusions drawn from the obser\'ations, that a rather 
full discussion of even the most radical hypothesis 
does not seem to be entirely out of place in the pre- 
sent volume. Certain highly imaginative and exceed- 
ingly popular ideas in regard to this planet have 
attained such prominence and are supported with 
such a mass of apparently valid observations, that 
they cannot be dismissed with a word. Observations 
made and theories advanced in good faith deserve 
courteous and careful consideration. 

The author is indebted to Professor Harold Ja- 
coby and to Dr. S. Alfred JFitchell for valuable sug- 
gestions. Dr, Mitchell read the manuscript, revised 
the proof, and aided in the selection of the illustra- 
tions. To him are due most important criticisms, 
notes, and suggestions, especially in the treatment of 
the astrophysical problems. The author desires to 
express his sincere appreciation of this assistance. 

a L. p. 
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CHAPTER I 



THE MOON 

'T'O tlic inliabituiLts of the tsrth, the moon among 
' iifl the heavenly h(«]ies is second only to the 
Min in imiHjrtiinL'e. In lirip^htrit*ss ^he far outshines 
ull the sUiTTi, unil Iicr eonspieuous phases give her ap- 
jmrcnlly a unique ]>osition in the starrj' heavejis- 
Frnm pn'historic tinie», the moon hns Iwen an oh- 
j«ct of wonder, of adniiratiun, and of worship, has 
inspired poctn', love, and gross superstition; her 
jihn-M'-s h»vt? rej{iiluted tlie fe-stivttls iif ihe t*hurrh Rfid 
have given us two of mir prineipal divisions of the 
calendar, the nioiith and the week. To the moon. 
priiK'ipally. are due the tides, the ever-f1iictnatin>^ 
luotinns of the oceim, Tlie ven" heginnings of as- 
itronomy seeni to have originated in the stii<ly of her 
pbucs, her motions, and the pheuunteim she causes, 
Iiii|>ortant. hnwevt-r^ as the nnxin h to us. yet she is 
of the least arnon^ the heuvciily hixlles: kIu- h hut 
attenilatit of an uttctidant of one of the lesser smia 
among the myriads that form the universe. 
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The most striking and most conspicuous pheno- 
mena connected with the moon, which even the most 
ignorant and casual observer must note, are the 
phases. The moon first appears as a thin crescent of 
light; but night after night, this crescent broadens 
out, gives place to a semi-disc, and this gradually 
widens till there appears a full and complete circle of 
light. This in turn wanes, the disc becoming a semi- 
circle, then a crescent, until finally the moon disap- 
pears from sight; only to reappear, however, and to 
go through again its cycle of phases. Once every 
29.5 days is this series of phases repeated; the month 
of 30 days is thus a natural division of time and was 
introduced into the calendar in prehistoric times. 
The early Greeks used a calendar based entirely upon 
the moon, Hesiod making a year consist of twelve 
months, each of 30 days. 

Ever since recorded history it has been known that 
the moon is a small, solid, spherical body revolving 
about the earth as a centre, Plato, who flourished 
about 400 B.C,, knew that the moon shines by reflected 
light, and but a little later Aristotle gave a fuU and 
complete explanation of the monthly phases. Not 
only was the moon thus early known to be an opaque, 
spherical body, shining by reflected sunlight, but it 
was known that it is the nearest of our celestial neigh- 
bors. That it is nearer than the sun was obvious 
from solar eclipses; for it M'as early recognised that 
such eclipses are caused by the moon passing between 
us and the sun, and thus cutting offi the light of the 



THE MOON 



Aristotle shoM'cd, in a similar manner, by not- 
ing (Kviiltatintis (pEi!s»Lges of the moon in front of 
t^lcstiu! objects) that the moon is nearer tban Mara 
and ntarer than many of the fixed stars. 

Thus many centuries ago the shape, size, and dis- 
tance of the mr>on were fairly accurately knoivn; her 
motion alH)Ut the earth was recognised, as weU as the 
cause of her phases and the general characteristics 
aiul phenomena of eclipses. Modern obser\'ations 
and methods, aided by the most delicate apparatus, 
have changed somewhat the numerical values detcr- 
mineil by these anrient astronomeri^ but no error has 
been found in their fundamental idea?i, though their 
roundabout and ingenious mcthixls are no longer 
necessary. The instruments of to-day are so deli* 
cate and their measures sn precise that the distance of 
the m(w>n can now be found directly from her paral- 
lax. This method of finding the distance of a 
heavenly body is fundamental lo astronomy and a 
brief exiJlanation of its principles may not here be out 
of place. 

Parallax is a technical name for a very simple and 
et'er>"-dny matter. From a window of Fayer- 
^scather Ilall. Columbia University, the chimney of 
the power h<nise appears in the north-west^ from a 
MHndow in the Librar>\ the same chimney appears 
nearly due north: the apparent direction of the chim- 
ney' will thus be changed by un observer passing from 
FayerwentbiT to l.ibrarj". This charige in the ap- 
parent direction of the chinuu-y, caused by a real 
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change In the observer's position, is what is called 
'* parallax/' Now, further, if the exact number of 
feet through which the observer has moved in pass- 
ing from window to window and the exact directions 
in which the chimney appears from the two windows 
are known, then by simple geometry can be found 
the distance of tlie chimney from either window- 
This same principle is used in surveying, in measur- 
ing the distance across a river or an impassable 
swamp. It is the only method by which the distance 
of an unreacliable body can be measured: it is the 
method by which every one judges the distances of 
various objects. From babyhood one*s eyes are 
trained to solve, unconsciously, and without apparent 
mental effort, the problem of parallax, of angle and 
distance. 

In astronomy the parallax of a body, the moon for 
instance, is the difference in direction in which it is 
seen by an observer, or observers, in two different 
positions, and the parallax bears different names, ac- 
cording to the different positions of the observer and 
tiie body- As tlie moon, at a given instant, appears 
to an obsen'er in Greenwich, England, in one direc- 
tion, to an obsen'er in New York in a second direc- 
tion, and to one in Washington in still a third 
direction, it becomes necessary' to have some standard 
Ijlace to M'hich the position of the moon can be referred. 
The nautical almanacs give the position of the moon 
in the heavens for every hour of every day, but as 
every observer sees it in a different direction, no book 
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would be large enough to print &11 the different 
dirtt'tions in wliicli it ntiglit he seen from every point 
un the Lurili'ii ^urfttCL-. Instcud there is printed 
the positiiJM in which it woidd he seen at every 
hcmr, hj' an ohserver in the standard h>efllity- Tlie 
easiest platx' to take for this atunilnnl, the place 
over which there can he no intcrnatitnial cf»niplica- 
tian^ and jealousy, is the centrv of the ftjrth. The 
position of the moon, or of any other body, 
u it would 1m.- seen hy an hyjKithetical ob- 
«cnTr at the centre of the earth ;s called its geocen- 
tric jHmtion; the jMisition in which a real objierver on 
the nurfacc of the earth actually sees the moon is 
cslled its npparcnt place, and the difference in direc- 
tion between these two pluces U called the geocentric 
jmralltu\ or more etminionly. MUiply the parallax. 

To find the distance of the moon from the earth 
it is only neeessarj' to select two ohservatories as 
widely apart as possihle, hot very nearly In 
the same longitude ( licrlin and the Cape of Good 
IIoix- for exanjple ) , and to have observers at the two 
ptaees determine the po*iition of the moon in the heav- 
ens at the same instant. Thcn< as the size of the 
earth lias hwm aci-nratcly nicasnri'd. the dislance 
a[iart of the ohscrverK i.q known; ami Utis dis- 
tance, together with the ohser\ed direetions of the 
moon, give all the data necessary' tn find hy simple 
lrigi>nonictr\' the dislance nf the moon. Thin is 
jAown in the following diiigranr, in which the observ- 
ers are supposL^l located at U and C, aiid the moon 
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at M, In the triimgle B M C, the side B C is known, 
for it is the distance apart of the two observatories, 
the angles AI B C and M C B are readily found from 
the measured positions of the moon. Hence in this 
triangle two angles and the included side are known. 




Fig. I. The Distance of the Moon. 



and from trigonometry there can he found at once all 
the other parts of the triangle. As soon as the side 
B AI is thus known, the distance of the moon from 
the centre of tlie eurth, O M, can be calculated. 

With the delicate instruments of to-day the direc- 
tion in which the moon appears can be determined 
to within a second of are, and the distance of the moon 
from the earth found to within 10 or 20 miles. It ia 
hardly correct, however, to speak of the distance of 
^he moon from the earth, for this distance is continu- 
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liliy changing; grailually growing smaller until it ccr- 
fHiii limit i« reached^ then increasing atul liiially 
iWn-fisiiig flgaiiu Tlie average tlislanec of the eeii- 
tn- of tlic nuxjn from tli£ centre of the eurth is 2dB,- 
840 milex. In this figure there is a pussihility of 
error of only 20 units, or one part in twelve thous- 
and. The mziximum nri<l minimum distances of the 
mrMin are given by Xl'immi as "ITi'l^T^ and *i21,C14 
niiles^ 

The fact that the distance of the moon from the 
earth varit-s ^hnws that her orhit ahout the earth is 
not eireular. as wa* sup]>osed hy the ancient astrono- 
I mcrs. At the time of llipparHiiH (second century 

' ft.c-) it was known that the distance l>etween Uic two 

^BbodicH t«i continually changing. In explaining thU 
^Hlie still considered the orhit circular, hut thought that 
^"thc earth was not situated at the centre of the circle. 
It Wfui not until Kepler enunciated lits celelirated 
law* of motion, that the true form of the moon's path 
' was known- The mo(m travels ahoul the earth in 
an clh])tie, and the carlh is situatcil at t>ne Tolus of 
I this elli|ise. not at its centre. The eeeentrieity of 
the ellipse varies between ^ and ^, averaging about 
^K^f. The point of this [jrhlt at whieli the moon ap- 
^Hpnwehrs ne«rv?4t to the earlli is called the pcrif^te: 
^Vthat at which the moon is farthest from the earth is 
* caltdl the apogee, and the imaginary line paisstng 
through these two jHiints is eallr{l the line of apttidni. 
The line of apsides is thus tlie major axis of the ellip- 
tical orbit of the moon. Around this elliptical orbit 
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the moon travels eastward, and completes a circuit in 
27d. 7li. Iflm. I1..55S, (27.S2166 days), and this is 
the mlereal or true iiioiith. In this time the moon 
completes one circuit of the heavens, apparently pass- 
ing jroifi a given star back to the same star again. 
This^ however, is not the ortlinary or common 
month, which is counted from new moon to new 
moon, or from full moon to full moon, and is techni- 
cally called the st/itodlc month, 

This eastward motion of the moon In her orbit 
causes a very striking phenomenon: the retardation 
of the moon s ilaily rising and setting. We have aJl 
noticed how the full moon rises in the east about an 
hoitr later each night. If slie rises at eight o'clock 
to-night, it will be nearly nine o'clock to-morrow 
evening before she appears above the horizon. The 
average vahie of this daily retardation is 50^,^^ min- 
utes, imt the actual retardation is extremely variable, 
depending uix>n the latituiie of the observer on the 
earth and the position of the moon In its orbit on the 
day in question. In New York City the retardation 
varies from '23 to 77 minutes- in latitudes above 61** 
20' the retardation sometimes exceeds 24 hours* that 
is, there are some days in which the moon does not rise 
at all and some days in whieh it is always above the 
horizon, travelling about the sky in a circle, which 
does not quite touch the horizon at the north point- 

This variation in the daily retardation of moonrise 
causes what are known as the hanrst and the hunter's 
moon; the harvest moon being the full moon which 
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comes nearest to the autumnal equinox [Sept. 23); 
thr Iiiinicr'^i moon hctii^ \\\c rit-xt folJnwin^ full muoii. 
Th*" (irliits of tlic earth hihI moon happen to so lie 
Uuit at tliia HeiLHon of the year the daily retardation of 
moonrise is the Ica^t, and tlie uioon will rise for sev- 
eral ennseciitive ni/jhts nt nearly the same hour, so 
tliat the inounliKht cveninf^s last for an unusual 
length of time, and the Imnesters and hunters take 
advantage nf these hrighl evenings. 

The Phifwal ChnrncttThttc/t of the Moon, The 
dianietcr nf this attertdant of the earth, ^vluch is of so 
niurh praetieal vjihie to tis in giving light hy night 
uid in regulating the tide^, i^ a little more than one 
quarter that of the earth -acconliug to the latest 
nK'asurt'ments, is 2Hi?l miles. Since the surfnres nf 
gphert's are prfi[M>rti<>nal to the sipiares of their tliame- 
ters, and their vohnnes proportional to the cubes, 
it folhms that thr surface urea of the moon is ah<Hit 
1*^ and the vi>hmie ^\ that <tf the e»rlh. The tntjd 
surfaee o( the niooii is, therefore, alrunst exuetly equal 
to the combined areas of Xorth and South America, 
A little Ie?iS than four tlnu^ the area of the l^ilteil 
States, if we inelude Ahiskii. hut exehide the islnnd 
possessions acipjircd in the war with Spain. The 
actual surface art-a of the moon's ht:misplRTe which 
ciri lie MX'n at any ime time is nhimt equal to the area 
of North ^Vmericfl, The surface conditions of our 
Nttellite* its mountains and valleys, can best he studicfl 
when the nirH»n is half full, and at tliPit time its il- 
luminated and visible arcR is almost c\»etly ecjual to 
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that of the United States; the distance from hom to 
horn on the moon being 3896 miles» while from Maine 
to California the distance is 3100 miles. 

Certain portions of the moon's surface have never 
been seen and must always remain invisible to the in- 
habitants of the earth. Long before the invention 
of the telescope, it was known that the dark markings 
on the moon's surface, " the man in the moon," always 
remain in the same relative position, that the moon 
always points the same face towards the earth. We 
see to-day precisely the same half of the moon's entire 
surface as did Aristarcbus, or as did Galileo with 
the first telescope. This fact that we always see the 
same portions of the moon's surface is due to the 
peculiarity of its rotation. 

Just as the earth rotates on an axis once in 24 
hours, thereby causing the alternation of day and 
night, so the moon rotates on an axis, whirling about 
through space just as a top spins upon the floor. But 
the moon rotates about her axis very much more slowly 
than a top, much more slowly than Uie earth, leis- 
urely making one rotation in a sidereal month. Thus 
it happens that the moon rotates on her axis in exactly 
the same time as it takes her to revolve in her orbit 
about the earth. It might seem, at first sight, that 
the moon does not revolve. That it does revolve may 
be seen if we compare the motion of the moon about 
the earth with that of an apple tied with a cord and 
swung round and round* The stem of the apple to 
which the string is tied always points toward the hand 
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juit u 1)r' faire of the man in t)ic mofin is always 
turned toward the earth. It is evident that the apple 
diJt-s actually rotatt\ for if we swin^ it about uur head 
ill A hori/ontal circle the stem will present itself in 
turn to every point of the eonipass. 




Fic^ a- TilR LlWkATI'.iw*! r»K mik M'H'*, hRJU " \\\%. Moo*" 
ny R, A- rHr^-Ti>« 

Now while on the averatfe tht^ moon keci>8 tht some 
face towards the earth, ^till its motjnn \% not exactly 
like that of the apple at the end of n string. There 
w no ri^id attachment like the Ktrin>;. <.H)nmH'1inp the 
moon and the eartli, and the rotation on Uic axis and 
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the motion in the orbit about the earth go on inde- 
pendently of each other. The motion of rotation is 
uniform, the motion in the orbit is not. Thus while 
the moon completes one rotation on its axis and one 
revolution in its orbit in 27-5 days, it does not cover 
one quarter of its cj'cle in one quarter of this time 
{6,9 days)- It sometimes moves faster and some- 
times more slowly in its orbit and will thus present 
slightly different faces towards the earth. A moun- 
tain which at one time might appear to be exactly in 
the centre of the moon's disc, at another time will ap- 
pear slightly to right or left of the centre. These 
slight librations, as they are called^ allow us to see 
a little more than one half the surface; there is a little 
ring or fringe around the edge of the moon which is 
alternately brought into view and concealed. The 
whole surface of the moon can be divided into three 
parts; one portion, about -j^ of the whole, is al- 
M-ays visible, another of equal extent is never seen, 
while the third portion, amounting to about | of 
the whole, is alternately swayed out of and into view- 
The exact agreement between tlie periods of rota- 
tion and of revolution of the moon is not accidental, 
but is the direct result of some physical condition- 
It is possible that the moon is not exactly spherical, 
being more of an egg shape, with a relatively large 
bulge on one portion of her surface. Such a shape, 
in which the centre of figure does not coincide with the 
centre of gravity, would account for the agreement 
between the lunar day and the sidereal month- 
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TW [itivMral condilions t'xisting on (tie moon's sur- 
Kx wtru early \v soijrt-c of specnjklion. As eiirly as 
«J0 iix. Aiiaxagorus agartkd tlic niuon as an in- 
ItabiU-iI world, similar in nil rc*s|)eL-b< ttj tltt- eartli. Tlie 
Ur^* dttrk markings, whidi are lciio«n lo every one 
from chijilhood. he regarded as seas and oceans, and 
lie Uioiiglit Iier fhurfa(\: divrrNiHrd ujtii tiiJIs and val- 
lrvs> Other writers eonsidereii the nionn as a ^innoth 
niirrar-Uke hodv. in M-liich were seen the refleeted 
images or !hr srrts, moinitairi^. and valleys of the 
earth. Plularr'h, neee]>tin^ tuid fnlluwin^ Ihe iilens 
of Anaxa^oras, reeo^nised the jireseiiee of niiMintains 
in the nn>i>n, explaining by the inc^^larities nf the 
Mirface and the shadows cast hv the niOLintuinH the 
niugli, hniken ed^- which always separate** Ihn ll^ht 
from the dark portions nf the; nifH>n. 

A radical change was introduced into physical ns- 
tmnmny when. In May, lOOn, (talilen saw the moon 
through the first telcseope ever use^l fr^r astronomi- 
cal purjio^ses, IIjj* larijtst telescope was little more 
th«D a hiKh-powered field-glass, magnifying to the 
paltry amount of some thirty times, yet with it he 
recognised the main features of the moon's surface. 
He found her surfaec covered with nip-sliaped inoim- 
tAins rings of high land snrnnindiiig central de- 
pressed areas, and he sho\ve<I clearly how* the heights 
nf tlie mountains coidd t>e mcn-siired. Near tlic ra^rged 
line wiiirli M"])nnitr% llir light and dark portions of 
tlic niixin and just within tlic dark part are often seen 
brilliant while iwints. These jiointa are the tops of 
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in'prjritiuJiN li^Iitt^l up by the rising sun long before it 
itliinrN ij|»>n tilt? Icvt'l pli^ins at their foot. The dis- 
\m\vK' lit wlii<*li nil object can be seen at sea depends 
iipnn it.H height above the surface of the earth. As a 
vrHM'l npprojicbi-s Ihe bnid the high hills first become 
viNihIr, thru ihi- lower i)*)rtions, and finally the shores 
iinri tH-iiebr.s. I.igblboiiscs, which are to be visible 
III ^nnl (lislntUTs. arc made verj- high. From a simple 
^ronirtricitl fonniiln. the distance at which an object 
will br visible ran ivadily be culctilated if its height is 
known: or, W ihc dist^nicc at which an object is visi- 
ble* be known, its hei>i:ht can at once be found. So 
will] Ihc iiio[iTu Ihc distance from the bright mountain 
t(i)i, jnsi touched by the rising sun, to the line on the 
level pliiin which sc]>ii[':itcs flay from night, is tbe 
distfiiice ;il which the nuuintain would be visible to a 
InnriT iiihMhitjtnt> This ilistanvc Galileo measuFed* 
nnd rn*ni il ejilcul;i1eil the height of the mountain* 
Sevend of Ihe hin:ir nionnlznns are thus found to be 
nearly M \en miles hii^h, fnr hrghor in proportion than 
any inount;niis of llic earth. 

l-'or niiUiy yeiirs after the time of Galileo students 
of the moon still ^^Mlsi^lered Ihe darker portions of 
the N(irf:iee iis seas :nui the liij^liter i*oh>ur<.Hi parts as 
OMitinents. Ile\ehn,s ndi^pted this view and con- 
>trneted a ch:(rt, showiuir the l^vation of the principal 
ol\ieets en the lu.^i^n's surf:iee. His Stli'io^niphia, 
i\>n*:i:oinix thi*; el::n'l. ;ivP*-*-'*-'^' ^'^ liUT, -ind in this 
>*.^7k biC ;ls<:^;^u^^ Ei^niies t<' the nKnn^*fi"n?s seas. 
:>',^;^is, ^v:.t v.*::S. :i!\l b:u <, Tliis chart, of eourse. 
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Wfts extremrly rough and imperfect as compared witli 
tlwwc of tn-tlay. His telescope was small and weak 
niul he liad no method of locating the various nmrk- 
inj^ on the surface, excepting mere eye e^^tinmtions, 

Fnini this time on the surface of the niooa m'as 
an ohject uf constant study and many charts were 
drawn ftnd published during the next century. The 
finit really reliahle chjirt was that er>n.strijeted by TA- 
hias JU-ycr, and puhli>>hed at fJottingen in 1775, thir- 
teen years after his death. The fact was frrttdually 
recognised that there is nn water on the surface arid 
that the so-called seas and lakes are really hut different 
coloured rock fornmtion; just as in New Jersey we 
have the bright, hght sands nf the coast, and the deep, 
dull red elay and niiid of the inlerior. 

The old idea tlmt the moon was an inhabitable 
world, similar to the earth, died very hard, and as late 
as 1835 was reviveil in what proved to h\t the greatest 
scientific '" hoax " of the century. In lfl33 Sir John 
Ilerschel, the greatest observing astronomer of the 
age, left England for the Cajic of (t(K)d IIo]>e. Up 
lo thi« time there had been no ttleseope in the south- 
em hemisphere and Hersehel planned to study at 
llic C'ap<: those j«)rlioris of the heavens tliul arc in- 
vi^blc from Knrnpe, For this pnriM)se he took with 
him a collection of astn^nomical instruments, includ- 
hi^ the largest teles<?tjpe then in existenec. On ar* 
riving at the Cape he set up his iiLstriiments and 
pnx'efHlefl rpiietly wiHi his pn>grarnnie. 

In ISS."), the New York Snii published a series of 
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articles, alleged to be taken from the Edinburgh 
Journal of Science and purporting to give an ac- 
count of " Great Astronomical Discoveries, lately 
made by Sir John Herschel at the Cape of Good 
Hope," Herschel was represented as having had 
constructed in England, prior to his departure, a 
new and wonderful telescope of undreamed-of mag- 
nifying power. So powerful, indeed, was this in- 
strument that it brought the smallest details on the 
moon into clear view. The pseudo-optical and me- 
chanical principles upon which the telescope was con- 
structed were explained in a mass of technical jargon, 
which was absolutely absurd and meaningless to a 
scientist, but which left the ordinary reader with the 
idea that a wonderful invention had been most clearly 
explained. 

The first time this imaginary instrument was turned 
upon the moon. Sir John, according to the Sun, saw 
the most Monderful sights. There were seas, lakes, 
rivers, and forests, '* fairer shores never angels coasted 
on a tour of pleasure." Animal life was abundant, 
herds of small cattle or bison grazed on the fertile 
plains, wild animals were seen, and finally were 
discovered angel-like human beings. To quote from 
the original. '* Whilst gazing in a perspet^tive of about 
half a mile, we were thrilled with astonishment to per- 
ceive four successive flocks of large-winged creatures, 
wholly unlike any kind of birds, descend with a slow* 
even motion from the cliffs on the western side, and 
alight upon the plain. , » . Certainly they were like 
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bumon beings, ami tbeir attitude in walking was both 
crct-t mid digttilicd/* 

These articles almnst (-ompltteiy dereived the presa 
of the L'nited States, niid were extensively eopied, 
Sir John llerseliel \mi\^ hiuded otj all sides for bis 
great invention und e])oe]i-niukjn^ di^seoverics. 

Tlie stutenients nitriliiited to Ilerseliel are as fur 
fnun the truth as possible. Insteud of being itn in- 
habitable worbi, with huid an*I water. trcx^'S and for- 
rxt"*, the ii»w>n i^ iin arid \iJiste» u \\xi^\\ body, with no 
,«rater and without sensible atmosphere. It cannot 

Aft^^erted Hmt there is no atmosphere, but only that 
if any atmosphere exists, it must be extremely rare, 
and that its density' cannot exceed -.{i^ that of air at 
the earth'?* surface. Our atmosphere product's a 
barometric pressure of 30 inches, (he moon's cannot 
roduee & pressure greater than 5^ of an inch, or one 
millimetre, A tHilumn of our atmosphere mw.' inch 
ill cross fice-tion and rcaehin^; from the siirface of the 
n to the highest (Joint weighs nlwint fifteen 

unda; sneh a eolnmn of the mmins »itmo>i|ilier<! 
cannot weigli more than one ^luurter of un ounce. 

There arc many ways in s^hich this lack of a »cn- 
aihle atmosphere can be shown. The telescopic ap- 
peannce of the moimlains U nearly conclusive proof 
on this point. The td^ts of the craters, the details 
nf the surface Jire ah\ays seen clear and sharp, the 
shadows are jet black, no Iiakc. clouds, nor <EtormK have 
O'cr been obs<*rveii. When the moon passes across 
the face of the sun in a aolar eclipse, tlie etige of the 
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moon always appears a clear-cut, sharp line; while 
if there was an atmosphere the light of the sun would 
be refracted through it and the moon would appear 
as though surrounded by a halo. 'When Mercury 
passes across the face of the sun, her dense atmos- 
pliere shows a dusky ring surrounding the planet. 
Again this absence of a refractive atmosphere is 
shown when the moon occults, or passes in front of, 
a star. If the moon were surrounded by an atmos- 
phere, it would act as a lens and bend the light from 
the star out of its path, and render the star visible for 
a short time after it was really behind the edge of the 
moon. Thus the time during which the star would 
be concealed would be sensibly diminished, and the 
amount of such diminution of time would depend 
upon the density of the atmosphere. As the rate of 
motion of the moon among the stars is known, the 
time it should take it to pass before a given star can 
easily be calculated. Repeated measures of the 
length of time during which such occupations last, 
have shown that there is no appreciable diminution 
from the calculated time, and that, therefore, there is 
no appreciable atmosphere. 

If there be no atmosphere on the moon, there can, 
of course, be no liquid on the surface, for any such 
liquid would evaporate under the influence of the sun's 
heat, and at once give rise to an atmosphere. There 
being no atmosphere on the moon, there is nothing to 
temper the alternate changes from hght to darkness, 
and from heat to cold. On the moon there is no phe- 
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like our tM'iljght; the sun rises suddenly, 
dark niifht passes instantly into the full suu- 
of a Inii;^ liirmr clay. The n»cks are exposed 
l<* tliv full >;lure of the sun for fourteen days, nnd 
durini^ t)ii» tinte tbe heat of the sun lM.ats down u{>ou 
Uic surfatr witluvut any hrct"/o to cool it, without wwy 
pissing cloud to ^ive monientarj' relief. The sur- 
fnoe of the nioiwi must, it wuuld seem, become ex- 
trchicly hot. must he hukcd with a heat m compurisori 
Httli whk-h (hat iti tht? Desc-rt of Sahara would serm 
hkc the polar regions. Vet according to the re- 
aearchcA of Lanj^lcy the lcm[K'rature of the moon's 
surface, uheii the sun is in the v^cnith, is [>clnw the 
boiling point of water, but far alxn-e the freezing 
point. 

Suddiinly the sun sinks l^elow the horizon and the 
lon^ lunar flight of fourteen days is Iw^giin. The 
r<>cks radiattf forth into space the heat they have ac- 
<|Utred from the sun, and the temiKrature falls, and 
falU frigbtrully low. The tcni|>cratur€ of the night 
side of the niCHm appn>xinmtes toward tlmt of inter- 
pUnctan' -space, toward the absnhite zero, 4«0' 1k- 
h)w the (inlinarj' zero as marked on our common 
thcmiometcrs. 

The surface of the moon is literally corcnxl all 
over with mountains, or pitted with craters. The 
mountains c^n the earth are arranged in groups nn<l 
ranges, with hroad level plains and oi'cans between; 
tnit not so th*.^ mountains of the moon, they are «eal- 
lered all over the surfnee, packed together, without 
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any ik-finite arrangement or formation. These 
mountains are great ciip-shaped crattra. resembling, 
hut greatly exceeding, tht great volcanic craters of 
the earth. The largest terrestrial crater does not 
exceed seven miles in diameter; some of those on the 
moon exceed one hundred miles, ivhile the number of 
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those wliich exceed seven miles can be counted by 
hundreds. 

The general resemblance of tlie lunar mountains 
to the volcanic areas of the earth's surface is shown by 
a comparison of the lunar surface with a i-clief map ot 
southern Italy- Vesuvius appears as a huge cone 
surrounded hv a ring-like mountain, known as Monte 
Somma; wiiile several extinct craters without the 



THE MOON 



t\ 



central cone more «trori^'Iy resemble the lunar vol- 
canoes. According to W, II. rkkL'iing the craters 
of Kitnuca Jinti Manna [«oa, on thu islanj of Hawaii, 
are more nearly cimracteristie of the lunar type- 
The rinta of tlicse craters are extremely rough and are 
inlcrsccU^ hy cntrks and Hiults. and each large crater 
11 aoeompaniei] by smaller ones, whieii parltully de- 
stroy the sjmnietry of the large ring. 'Diese Ila- 
waitan voleatioes present ever>* feature thai can I>e 
found in tlnnr hinar coin iter parts. 

Although the volcaiue origin of the lunar craters is 
almfjst aelf-evidentt yet other theories ha\'e tK-en ad- 
laneed. Prtielor sugyested a nR'leorie origin; the 
iCrmters being the holes left by meteors fidling \\\wa\ 
the yet plastic surface. This and other c(|uully far- 
frtelied liie<>ries havr receive<] little <ir no suppiirt and 
the volcanic charaeler of the hinar rnonritaLns is prac- 
tically cstat>liihed* 

The hmar mountains are not only relatively but 
actuall}' higher than those of Ihe earlh. Ml. Kver* 
est, the loftiest summit in the world, is but a liltle 
over 29,1)00 feet high, while some peaks nn the moon 
reaelL tin.* great height of 3*-,(H>t) frit — [learly sr^ven 
miles. There are over forty lunar niounlairii higher 
Uian the highest peak in tlK United States, Tlii« 
great height of the lunar niouutuins ih hut Ihe natn- 
fmJ result of the Miiall value of gravilatinn at Ihe sur- 
face of the moon. Owing to the ftniall mass of the 
fiMHtii !§he altrart-4 h<)flies at her HUrfai-e only abrjut 
one-fiixtli as strongly as dfica the earth. A body 
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^vhich weighs six pounds on the earth's surface would 
weigh only one on the surface of our satellite. Vol- 
canic forces which on the earth hurl rocks and lava 
one mile into the air would on the moon throw the 
material several times as high, and in falling such 
matter would be scattered over a vastly greater area 
than on the earth. 

Irrespective of the craters, the entire surface of the 
moon is extremely rough and broken and is traversed 
by deep, narrow clefts and long light coloured rays. 
These bright streaks surround certain craters^ radi- 
ating from them in all directions and extending for 
hundreds of miles. The beautiful crater Tycho is the 
centre of an immense system of rays, which pass 
across mountain and valley and cover a large portion 
of the visible surface. As a rule these rays are from 
five to ten miles wide, being narrow and brilliant near 
the crater, broad and faint at their extremities. They 
are neither much above nor below the general surface 
of the moon, do not cast shadows, and are never visi- 
ble at lunar sunrise or sunset* 

The great rays about Tyclio become more and more 
conspicuous as the sun rises higher and higher and at 
the time of full moon, when the sun is directly over- 
head, they are the most striking feature upon the disc. 
At this time the light shines directly into the craters, 
the mountains cast no shadows, and craters and 
mountains become inconspicuous and lost in the gen- 
eral illumination. The rays stand out l>rilliantly and 
tlie moon looks like a great cracked globe. 
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Many and varied explanattoris have been suggested 
for these rays. By some they arc thought to be great 
erncks m the lunar surface, caused by the hursting 
prt'i*Mirc from within; fissures filled with light coloured 
lava frnni below. Wiirdtmann tliinks of them as 
lieing caasetl hy the spliish of a metenrite striking a 
idastic surface; Piekeriiig hokis that the rays are 
streaks of snow h'ing in crevices. No satisfactory 
and universally accepted explanation has yet been 
given. 




Pickering ' claims that there is yet an appreciable 
amount of water vapour }^\vl carhcuiie ncid gas nn tlic 
fiioon; that our satellitr is not the dead uuchjirigt-able 
Hostc that ha« btvn pictured- The interior Is not yet 
absolutely eold and minute quantities of these heavy 
gftscs tic given oJT by the various eraierv Owing 

•rJU Jr^m, by Wm. H, PkkcriDg. 
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to the low pressure of the lunar atmosphere, such wa- 
ter vapour would immediately be deposited on the sur- 
face in its solid form, as snow or hoar frost. Water 
in its liquid form cannot exist upon the moon. The 
carbonic acid on the contrary would exist in the day- 
time as a gas and at night as a solid. Some slight 
traces of such an atmosphere on the bright limb of 
the moon have been observed. Certain brilliant 
patches upon the surface have been observed to wax 
and wane with the decreasing and increasing power 
of the solar rays. Snow and ice, according to Pick- 
ering, are found not only in the crevices, but on the 
summits of some mountains and especially on the 
highlands surrounding the crater Tycho, 

While it is certain that no conspicuous changes are 
taking place on the lunar surface, yet there are indi- 
cations that minor alterations are in progress. A 
little crater, Linne, was observed nearly a century 
ago and was described by Beer and JIaedler in 1887 
as bright and deep. Later this crater was reported 
to have disappeared. It is now visible, but it does 
not agree in size or character with the early descrip- 
tions and drawings of Beer and Maedler, The real- 
ity of this change, however, has not been proved 
beyond question; the early maps were made with 
small telescopes and the form and shape of the lunar 
mountains appear to change with the changing con- 
ditions of light and shadow. The angle at which the 
sunlight falls upon the surface is continually chang- 
ing and it is all but impossible to get the illumination 
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twice exactly alike. Yet, with the tremendous varia- 
tions in temperature between the lunar day and night, 
it would not be surprising to find rocks crumbling, 
walls falling in, and craters filling up. 



CHAPTER II 

THE EARTH AS AN ASTKONOMICAL BODY 

1 N an elementary text-book, published not so many 
' years ago, tliere is an imaginarj^ conversation be- 
tween two schoolboys of the time of Columbus; one 
boy is tauglit that the earth is niund and that by sail- 
ing toward the west a ship would ultimately arrive at 
the East Indies; the other that the earth is a flat disc 
and that a sht]) sailing to the west would soon come to 
the edge and tumble off into space. This latter view 
is pictured as being the one generally held through- 
out Europe and the few persons who then dared to 
think the earili a globe are regarded as cranks and 
^'isionaries far in advance of their times, Columbus, 
himself, is shown as a crazy man, laughed at and de- 
rided on all sides for holding absurd ideas as to the 
shape and size of the earth. The general impression 
conveyed by this little book is that toward the end of 
the 15th century the earth was generally regarded as 
flat and that only a few thought that it might be 
sphericaL This impression is utterly wrong; at the 
time of Columbus it was only the unlearned and the 
intentionally ignorant who could have held sucfa ideas. 

26 
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Any one who cautd read, anj who mAde the slightest 
pretence at Icaritiii^, could not liavc failed to know 
(hut tht' i-arlh is w !*phfrt'. * Kver sinoe rteordud hii- 
ton' U^xttti, it hii.s h\x\\ known to all philo^sophcrs and 
a»tn>noincrs tliat Iht- lj<:aveiily botlies all »re »phericah 
Ari'^hitk", in tlit- v\w\\ h^i^s uf tJrefrk sujircinacy, 
pointed out tliut the earth 1^ ^j)heneal and used sev- 
ernl of the vcrj" ur/niiiciits that are found to-day in 
elemtrntiinr- geo^rHphiL-h and texl-hooks. 

While thus from prdiisloric times it was well 
known tlmt the earth is a globe, the first snecessful 
atlt-nipt to nkt^H-ttire its svijc was jiiade in Kg^jpt. by 
Kmlo^theneji, about tlic year 200 b.c. He noted 
that, in what we now call the month of June, when the 
sun reaehea its greatest distance niirth uf the eijuator, 
objtvLs at Sycne, in lip[Hr Kgypl, east no shadow at 
noon- That U, at noon, the sun was direetly over- 
bead, or in the aurnith. At the »urne time at Alcxan- 
ilriH, nhich was siloattd alniust due nnrlh nf Syenc. 
the sun was found to bej'jof a eomplete eireum- 
reren<!e south of tiie zenith, and henee Krutosthenea 
iiirerrci] that the entire eircumferenec of the earth is 
Jifly times Hie dittanee W-twerri these two eilies. He 
found tile ilistarux' iKtwecii Ihcin to be jOOO stadia 
anil thus eonelmic<t the cireumfcrenee of the earth to 
\m 2.^0.mKl shidia, a iimuher whieli he elian^t^d fur 
eonvcni^Mii'e into 2.12.UO0 stadia, in onler to simplify 
eotnputations by mnkiiiK an even number of stadia 
(7011) ei|UTil a deji^ree nf latitude. 

This nietluxl of Fratosthenes was fundamentally 
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sound and is, in fact, the method which is in use to- 
day. His application of the method was crude and 
his results were inaccurate, but this was due to the 
lack of instruments of precision and of the means of 
accurately measuring distances and angles* Even to- 
day the resources of science are taxed in the various 
operations necessary to measure an " arc of the 
ireridian*'; operations which require the use of the 
most delicate instruments of astronomy and of 
surveying. 

The problem consists essentially of two parts. 

1. The measurement of an angle; the difference 
in latitude between two given places^ and, 

2- The measurement of a distance on the surface 
of the earth; the number of miles, feet, and inches be- 
tween the two places. 

Eratosthenes had only the crudest Instruments. 
For measuring the difference of latitude he had 
merely the ''gnomon," an upright post, which cast 
a longer or a shorter shadow as the sun changed its 
position in the heavens. For the measurement of 
distance he hud no instruments, and used merely the 
travellers' estimate. The average day's march was so 
many stadia and Syene was so many days' journey 
from Alexandria, Unfortunately there were several" 
different kinds of stadia in common use and in the 
mutilations through which Eratosthenes 's work has 
passed it is now ini])ossihle to tell which kind he made 
use of. If he used the ordinary Olympic stadium, 
then his result is some 20^ too great, but if a special 
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lium. of w'hid] some rccnrds liavc bcon found, was 
UMrd. llicn Iila result k^is only alw»ut r; in error. In 
olhtr Wfjnis. It t\"iii lu- saiil ^lilh (^'Haintv thai Km- 
tn^lliiiu-^ knew tlic diannter ot tlic ciirth ivitli con- 
ndcrublc accuracy, that lii^ cstiiimtc niatlc it greater 
thttti mm miles nn<i less tlmn 1).300. 

A little lutcT Piisidoiiins nuulc measures simitar to 
thosr of Erntostlienes and detcrniincd the cartli to Ik; 
180.00(1 fitadiA in circumference; a result as nnith too 
low as the former uas toi* iii^h. This value was 
adopted by Ptolemy in the Almnfitfii, winch apjieiired 
alKiiit the ycnr ITiO aj>» and remained the staniliird 

text-book of astronnniv for nver thirt'jen centuries, 

« 

Not until the IJfh and KUli centuries was this 
mcAmrement improved. At thi^ time there was % 
lEreat revival of h-arTiiti^: tlic world awoke j»s from a 
lon^ trailer: niw lands Iind Ijm-ji di^emt rt.'(l. fkw \\AA% 
for enterprise opened before all So in the realms of 
Bctcnce, new and undisef>ver<^^d laiiiN were coming into 
view, the spirit nf seieni-e v,i\s Tevohiticini**'d. and new 
ini^tniment.^ and new methi'ds of ob^ervalian were in- 
Tcnl«J- The voyaK'^s of Ccdumbii?*, Vaseo da (toma, 
aixl olherH itfiowed the neec-tsity for new and more 
acntnite [neasiiremeiit*; of the carlh. 

The tirsl M^^iuu-s attempt t<i revise the old fi|fiirc9, 
which had survived for tw m^ny centuries, was that 
of John Fernul, who in 1J1?H rnadr a detentnimlioti 
which was le-ss than IS in error, Riclmrd \orw<K)d 
in I*IJ5*1 measured Ihe di*»tflnee from London lo York 
and ohtaiiR-d Ihe lenffth nf n degree with an em>r nf 
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less than one half a mile; or an error of less than 200 
miles in the circumference of the earth. A little 
later, in 1671, Picard made some measurements near 
Paris, leading to a result only a few yards in error for 
the length of a degree. These two determinations 
of Norwood and Picard figured largely in Newton's 
discovery of the law of gravitation. When he first 
concci\'ed the idea that the force which keeps the moon 
in her orbit is the same as that which causes bodies to 
fall upon the eartli's surface he attempted to verify 
this by calculations, using for this purpose the fig- 
ures of Norwood- His calculations did not square 
\\ith his theories and he was so dissatisfied as to re- 
gard his hj'pothesis as substantially defective. He 
laid the theory aside for some seventeen years, until 
the more accurate measurements of Picard were 
brought to his attention. He at once revised his cal- 
culations and arrived at his brilliant conclusion, 
cstabhshing the law of universal gravitation. 

Prom the time of Kratosthenes the greatest diflS- 
culty in this problem has been the accurate measure- 
ment of the distance between the two stations selected 
as tiie ends of the arc. The surface of the earth is 
rough and is traversed by valleys, by hills, and by 
rivers. Over such an uneven surface determination 
in feet and inches of the distance apart of two marks, 
separated by even a few miles, becomes extremely 
laborious and consumes much time and patience; the 
actual physical measurement of great distances be- 
comes impossible- In the geodetic work of to-day a 
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cTimparrttively .i!u>rl hnae fine is levelled and meas- 
ured witli all U»c accurnc)' [xjasible. and tlie greater 
(lifiUiKTJ^ are (letemiiiit-cl from this liv tnciiiis tif an 
rUlKiratc suncy and iriau^uhiiioth For niciisunnfj 
the biusc line mt'tul liurs or ruds arc U3c<l. These arc 
tart-fidly t'onijmii'd iti the hihi>rnt(>ry with thf starul- 
iirds and thoir k-n^UiH ul u tlcHnitt tt*iii|xTatui"e deU-r- 
niineHl. ITn fortunately, when these rods are taken 
into the field for aetnal use they are e:icix>sed to ctm* 
•itiintly varying ftniiHratuffs and lliey expand and 
("cmtract in a vtrj' trouhle&niiie way. Various dt^vices 
have liecn used to eliminate the errors thit-s introducci!; 
the ximplcKt and liest luin^ the Woodwanl "* iee-tmr 
npparalu*" u-*ied !*y tht? Cnost anci (Jeodetie Snn'ey. 
In this the irutal nieasnrinif Uhv i<i supiMirteil in a 
Imngh anil coniploti.ly pdiki-'tl in ire, artd tliii.s rimin- 
tainei] at the nnifonn teni]jernture of Wl" V. With 
Huch an a|i]>nratns a hnse line ear he measured with 

an ern>r of oitlv a fortieth nf iin inch in a mile, or one 

■ 

jjiirt in two and a half rnilliikii. 

The notation of the Earth, Tlie earliest xvriler 
who ccmectved the iilea c»f a rotating earth srenu to' 
have Iktii Philnhnis, a Greek, living in the 'jW\ ixn- 
tury liefore the Christian era. Thiv idea was purely 
pliilosophieal and not hused on any ohsen'e*! phenom- 
erui. lie regarded the earth as well as the sun, 
nHM>h, and phuiets as revolving almtit n f^nat ei-nlral 
f!r<\ IIr- earth turning idxtut an axis a^ it n^vohed so 
that this eentral Wn- should ever remain concealed 
fnim the inhuliitnnls. TSii-t the idra that the cartli 
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might rotate is verj' old, but, while from this time on 
some of the ancient writers seem to -have favourably 
considered it, yet no one thoroughly grasped the 
essential facts. This unsettled state of mind is 
sho«Ti by the care with which, some centuries later, 
Ptolemy discusses this point in the first chapter of 
the Abnagest. He clearly saw that, if the alterna- 
tion from day to night is caused by a rotation of the 
earth, then points on the equator must move with a 
speed of nearly one thousand miles an hour, a velocity 
exceeding more than tenfold that of the wind in the 
severest storm, A terrible gale would thus always 
blow from the east; birds in flight and objects thrown 
into the air would be left behind and carried with 
frightful rapidity toward the west. As these things 
do not happen, the earth, Ptolemy concludes, must be 
at rest. 

By thus failing to grasp the fact that the atmos- 
])here is part of the earth and partakes of its motions, 
Ptolemy lost the opportunity of placing astronomy 
on a secure and permanent foundation. In all other 
respects his work was so complete and his mathe- 
matics so exact, that his work remained the standard 
treatise for thirteen centuries. Although he started 
with a wrong foundation, yet he built up upon it a 
complete an<l satisfactory theory of the apparent mo- 
tions of the heavens. He could have made a very 
fair almanac for the year 1007; he could hav? pre- 
dicted tlie day on wliich each new moon will occur. 

Not until the time of Copernicus, in lo43, was the 
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Ptolcmflic Ihcorj' of an ininimRhlc enrth seriously at- 
lackcil. Ci)|M:riiiciis, in his ^v^:a\\ IxMtk, Dc Rcvuln- 
iinmhuA Orbium CcUntirtm. ^lunvcd ult-^irly tliat tiic 
hypothc-<ii>i (jf H roUtin/r eartli t-xplained the |*!ie?io- 
inetia uf the rLsiriji; iinil auIHti^ st:irs as satisfai.'torily 
Ami much more dimply thjui the itl^s of I'tolemy. 
All the pheniiuieriH tlieii known eriuld \n.' fully hi^' 
oiuniteil for u|Mj|i t'ilht-r su|>|K.isitioii: either that the 
sUVfi are uttachrfl to t\ ^reiit i*ck-stial f^lohc whieh turns 
arrnifHl niirc earh ilny. or thjLt Hie eartlj ilisflf rotiitcs 
ahiHit Jill Hx'ia uiui Xhv motion of the slurs is only 
appnreiit, not real. Copcrnieus ttnih! not jfroi'c thut 
tile cArth rotjites — llie inslnunents and niethocls of nh- 
iiervAtioii neecswirx' for this were not then invented; 
lu- cinihi only show that it was prnhahle, und that the 
n>lAt)o[i of the earth olTert^d the most serisihle and sal- 
isfttctory exphni'itlon of the ap]*arent nnvtiorus of the 
heflveiily hodks. 

From the time (»f Coi>criiieus the nitalion of the 
eftrth wtis an luvcpled faet of :«<-ienee> hot it wnjs not 
tnitil \HM thai nn aetual, exfJt-rimenlal pniof enuK) 
be xhowiK In this year FoueiLult devised and exe* 
Ctitc^l hiii hrilliant [nnihihrnf experiment hy which the 
rotation of the eartli can iietually Ih- wen. 

An ordinary ]>endnhjm is supported on knife e<l^*4 
or on pivots !*o that it eaii flwin^^ in only one pUne. 
TIlc |>t-ndulnm of a eloik swings haek and forth Al- 
ways in the ^rnrnv phiiie; if s*l sninf^in^c fmm the front 
tuwArd the haek of the etoek it wonhl at onee eonie to 
nst. Foucault dcvi^^d a iK:ailiUuin whieh is free to 
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swing in any <lirerlion. It cnnsisted of a heavy iron 
ball supportfd hy a thin flexible wire which was se- 
curely fastened at the upper end in siieli u manner 
that it woiiid swing frw.'ly in any rlii-eetion. This 
wire was some 200 feet lon^ and was hung in the 
dome of the Pantheon in Paris. On the bottom of the 
hall whirh formed the boh of tlie iienflnhnn was a 
sharp steel point and beltnv the pendulum was a cir- 
cular table about 12 feet in diameter. On the top of 
the table was strewn fine sand so that as the pendulum 
swung from sitle to side the point wouM leave a little 
mark on the surface of the sand. The pendulum 
was drawn to one side and held in place by a string 
and left for a number of hours until it became abso- 
lutely at rest. The string was then burned and the 
pendulum allowed to swing hack and forth. By all 
these precautions the pendulum was started in motion 
an an absolutely true plane, the point drawing a 
strnif{ht line across the surface of the sand. On its 
backward swing, however* the point of the pendulum 
did not follow in this mark, and each succeeding 
swing of the pendulum showed the marks to be con- 
stantly changing. The plane in which the pendulum 
was SH'inging was appfirently slowly deviating to- 
wanl the right. This experiment was tried over and 
over again and always with the same result, the plane 
in which the pendulum swung appeared to shift to- 
ward the right and ahvays it would deviate the same 
amount in the same length of time. Now there can 
be only one explanation of this, and that is, tliat the 
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floor of the i'Fiutlioon was really invisibly hjrninp: un- 
der tilt- jilaiic ijf the ^win^it]^ peiKluldiiK If u [kcn- 

iirtii p<ile 



dtiluin 



irec 



tr 



ti] 



re supported 

utift sot suin^in^ in any uik- direction, then onoi- in 24 
)ir)iirfi Uic cjirtli ^voiild rotate iindcT the iiendiihiiii uiid 
the ])endiihtni would draw no the surface of tlie enrth 
at the ]K)I^ a series of ntdiutin^ lines. 

IVhen the ]K'ndnhini is set in nny other latitude 
than that of the north |>ole the etreel will he similar 
hut not identieah The fiiirfaee of the eurlh will re- 
volve under the pendulum ajid the |M)int M'ill trace out 
intersecting^ marks, 1 ri the northern heininphirc 
the pendnluni would appear to {leviate slowly toward 
the ri>;ht: in the southern hemisphere toward the 
left; and the amount of deviation would dr[K-nd upon 
the latilude of tlu- plaiv in which the ]i(-ni)uhiin ia 
flup]>orted. Tht.- deviation hw^fmies le.'i*! and less hj 
wc Hi>proaeli the eipiator and finally at the equator 
vanishes. In New York city the deviation of such 
pi'udulum is a1»mt 10' per hour. 

There are numerous other way."* hv nieAnfl of which 
11k* n>tation of the earth can h** demonstrated. For 
example: if a num^KT of l«Mli<"s I»e dropj>f'd from a 
verj' (freat hei;iht there is fouml to he a tendencj" for 
llK-ni In rail In tlu' eastward. Small and iKTfertly 
niiiiid hails have Uvn i)rop|K'fl wtlh ^reat can.- inio 
deep mines, and careful rnt-nsuremeiitii show that ihey 
strike Ihe tmttom a small fmction of a foot to the 
eastward of thr ]>oint vertieatly under the starting- 
point. The (op of the mine is furtlu-r fn>nj the centre 
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of the earth tlian the bottom and is therefore moving 
faster toward the east, and a body dropi»ed from the 
upper part retains its east^vard motion as it falls and 
strikes to the east wben it reaches the bnttoni. Simi- 
larly a hull thrown from a moving train partakes of 
the motion of the train and reaches the ground many 
feet in advance of the ohject at which it is aimed- 
As a result of many trials with botlics having a free 
fall of 3:^0 feet, an eastward deviation of 1.12 inches 
was obser\'ed. According to theorj- this deviation 
should have heen a trifle less, or only 1,08 inches- 

So far as can he determined from observation the 
rotation of the earth almut its axis is perfectly uni- 
Uww\ and the day is of the same length now as it was 
when the shepherds first watched the stars from the 
plains of Chaldea> From a comparison of the times 
at which eclipses, transits, and other astronomical 
phenunieim occurred in by-gone ^^ears, it can he shown 
that tiie day has not changed by so much as the 
hundi'cdth part of a second since the time of Ptolemy. 
Vet certain iheoreticai considerations show that the 
day must he gradualiy growing longer. The sun 
and moon generate tides in the oceans and these tides 
act as a friction-hrake upon the earth and tend to 
retard its rutaliim. Meteoric fall and are deposited 
u]K)n the earth's surface. Centm-y after century the 
earth is thus growing bigger and, as its mass in- 
creases, the velocity of its rotatiaii must diminish. 
These forces, which tend to lengthen the day. are ex- 
ti^cmely slow in their action and are to a certain extent 
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cmifitcrnctcd by the gradual cooling of tlic earth and 
its I'uiiseiguent ^hrrtikitj^e. Tlie nioverneiit of uny 
mus» trjwiLnl ur uwiiy from the tixi»> ^^iH of necessity 
^affect the rotatiun of Iht- curlh: the gradual wearing 
Aw«y of moiinlain ranges and the subsidence of ton- 
tiiicnt^, the NnxMithing out of tlie siirfaee irregulari- 
Kcs^ — all tend \xs accelerate the rutation. The effects 
nf nil these varying tendencies are extremely small 
find cannot l)e computed in even the roughest nianiR-n 
On the whole, however, tlie prohuhility is that the day 
is slowly lengthening and that in the ecntuica to eomc 
the earth will rotate much more slowly than it does 
nt present. 

The Shape of the Earth. In 1071-73. John 
Rirhcr, at the suggestion of Picard. undertook a aci- 
entifle expedition to Cayenne^ in latitude .^' north. 
Here be swung a peiidtdnm and reached the then euri- 
otu rtv4ult (hat a ptndolnni of given length lK:»t more 
slowly at Cayenne than at Parts. Some years before^ 
in 1656, Iluyglieiis hnd revolutionisetl the art of 
measuring time hy the invention of the pendnliim 
elock. utdising in his invention the pririiiple di^icov- 
er^i by Galileo. Galileo, it will t>e rememlKTetU by 
watching the swinging of a lamp in the catheilral of 
Piaa bad discovered the fact that the time of oseillii- 
tion of a perichilnm is indc|H'ndent of the Ic-nglh uf the 
swing. Any weight hung by a string and swung to 
and fro oscillates hack and forth in a period of time 
which dei>cnd»i only u[K)n tlie length of the siring- A 
ball smapended on a string or u-irc, so that the 
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distance from the sup^xirt to the centre of the ball is 
39-1 inches vrill teke exactly one second to complete 
u swing fram right to left, or from left to right* If 
the supporting wire be shortened, the pendulum wU 
osciliatc more rapidly; if it'ngtlitned, mure slowly, 
or course, sueh a simple pendulum %vlien set swing- 
ing will oscillate for a few moments only and will 
gradiiaily come to rest 

The force that keeps the i>endulum in motion is 
the force of gravitation, the force that causes all 
bodies to fall towards tlie earth. If the force he in- 
creased then the penilulum will swing faster; if the 
force he decreased, the |3enduluni will take a longer 
time to nsriUate back and forth- 

Richer's observation at Cayenne thus showed that 
the force of gravity at that point of the earth's sur- 
face differed from that at Paris- The strength of an 
attraction diminishes as the distance from it increases, 
so these observations of Richer indicated that the 
earth is not a true sphere, that Cayenne is further 
from the centre than is Paris. Newton, using these 
measures of Richer, showed that the departure of the 
earth from a strictly spherical form is due to the at- 
traction for each other of the particles forniing the 
earth, combined with the rotation of the earth on its 
axis. If in pjist ages the earth were a hot, plastic 
niasa, and at rest, then as it cooled off and became 
solid it would have assumed a spherical form, and 
every pail: of its surface would have been equally dis- 
tant from the centre. But if, instead of being at 
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rvst, tliU hot, plastic ^tobc were in rapid rotution, 
then Ntwtori showed that, in cooling, it would take 
thir form of iin ellipsoid, it would be flattened at the 
|>ulffi fliid bulged out at tbe t'luaton 

ThLs L-tfiet of rotution in (-hanging the shupe of 
plasttiT bodies can readily be shown in simple txpcri- 
nicnts. A liKbt mctfll ring is mounted on a vertical 
axiH ahoiit which it can he rotiiti-d with great rapidity- 
^V'ln:Il the v\i\^ is at rest it is lircular in sbapt, but 
whrn it is rotaierl it l}ec(Hiics llnttciifd along the flxia, 
bulging out at what wc may call Iht^ equator. The 
faster IIk- ring is nftatcrl tlu- giL-alcr and greater be- 
comes it»i departure from ciix-ular slm[>c. 

In order to detennine the exact sha{>e of the earth, 
extensive Mirvcys have been carried cm, both by means 
rvf the |>endn]iitii and by geoiletic measures of arcs 
at the meridian. Tlie pemhihmi shrtHs the .shape of 
Ihe earlb only; tiiu gc^nletie uiea^uRS shc»w l>cftli tbe 
sluijic and tlie si/e of tbe earth. At the ei|uator one 
degree 4)f latitude measures fl8,7 miles, along the 
Hudson Iliver one degree measures »Ui,0 miles, while 
in the extreme northern parts of Europe a degree 
measures nearly f(0.4 mile?i. 

According to the determination of Colonel Clarke, 
the heB<l of Ihi- I^ngl^*^I^ Ordnance Sun'cy* the earth 
1ms the following dimemionM: 

Ki|TiFifiMi[i1 hhIIus Af>ri.?.2nr ml1l« 

Polar nidJUH aiMfi,7*>n ** 
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These figures represent the major and minor axes 
of that ellipsoid which most nearly fits the surface of 
the earth- Some measures indieMte that the equator 
is mjt a perfect circle, and there are many places 
where loc^al and continental irregularities cause the 
actual surface to depart greatly from the theoretical 
geoid. Such irregularities are considered as altitudes 
or depressions in the surfaci-. Taken as a whole the 
earth is a remarkably smooth globe, and its (Jeparture 
from a spherical form very slight. If a true model 
of the earth two feet in diameter be made out of well 
seasoned wood or metal, so as to get a veiy smooth 
and jKtlisbed surface, then the differences in length 
of the polar and equatorial diameters would be about 
^ of un inch, and all the variations in height in the 
United States^ all the mountain ranges and valleys, 
would be represented by the variations in a layer of 
varnish ^ Jo of an inch thick which protects the 
surface. 

At present the size of the earth is known with ex- 
treme accuracy; the dimensions of the Clarke sphe- 
roid, us above given, are probably not in error by more 
than 1000 feet. That is, the actual distance from 
New York to the Cape of Good Hope has been ac- 
curately determined to within 1000 feet. 

Dining the last few years a most important dis- 
covery has been made. The latitude of a place is not 
constant; the distance from the equator to any other 
point on the eartl/s surface is changing from day to 
day and from year to year- This variation of lati- 
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tudc wiis first definitely shown to exist by Chandler 
iti 18V1* It ariM^'s from the fact that the axis ahoiit 
ivhich the e:ir1h nitute-i is nnt a iixeil line; the nurNi 
p<>le. or jxiint where tliis axi** cuts the surrace, wnii- 
drrs urounti in an irrc^^ilar ciirvc, covering in its wan- 
dcrin^N An nrea equal to nearly t^to city lots. An the 
equator is an inis^inun,' circle everywhere 00* rlistant 
from the poles, it nmyt oscillate back ami forth over 
tlwr surface, keeping pace with the iiifAcmcnt of the 
piib.-, and thus cliangtri^ the latitude of every spot on 
tllc earth's surfaec. 

Thi^ variation of latitude v^ rather minute, the 
extreme ?iliift being some 0'',(t, whieh e(jrrcs[H)nds to 
All actual motion of 00 feet. That is, at one time 
everj' building in Xew A'nrk City is *K' feet neariT 
Hie equator than nt other times. During the years 
1805-1000 an extensive series of Intltude ohserva- 
tions was nmde at Columbia University. The latitude 
waa the snmlkst i>n September li>, IH1>.^. and greatest 
nil August ^'-V IHHT, the tntal variation between these 
extremes King O'.tjini, or very nearly 70 feet. 

This wandering of the jiole is a nalunil and logical 
result of the rotation i.\X the earth. 

yiiiHn ttrtt! Ihttvit'f of fhe K<trlh, The problem nf 
dctcrnnnin^ the interior constitution of the earth is 
much more diflieult than that i>f finding its size and 
shajie. Itadically dilFereTit ideas have bei-n bchi by 
well-known mcntists. and many startling tbe<irie« 
have been put forth by the *' cranks" the woulddie 
seien lists. 
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One of the most extraordiimr>' of these crank ideas 
was that of a retired iiflval officer, SjTimies, which 
ap[}carnl in pamphlet form in 18*26. He considered 
tlic earth hollow and the inside habitable. At the 
north and south poles he imagined great holes, con- 
necting the exterior wilh the interior siirfaees, and 
thought that vessels could sail over the edge, pass 
through the hole unJ enter the interior portions, 
which were pictured as being of a mild and delightful 
climate. This faneiful and absurd notion crops up 
ever^' once in a while* a crank book with the same 
general idea having been published ivithin the year, 

This idea uf a hollow earth i.'i readily disposed of 
tO'day, for measures can now be made which show that 
the average density of the earth is 5^ times that of 
water. On the other hand the snrface density, that 
is, the average densitj' of the soil and roeks which 
make up the known surface, is only three times that 
of water. Taken as a whole, therefore, the earth is 
much more dense than the surface rocks and mount- 
ains, and at the centre its density must be very high, 
equal at least to that of the heavier metals^ 

The density of a substance is the amount of matter 
contained in unit volume: the densities of two bodies 
of the same size, or volume, will be proportional to 
their respective masses. The determination of the 
density of a body of known volume is the equivalent 
of finding its masst the density- can be found from the 
mass, or the mass from the density. Ne^ion showed 
that every body attracts every other body and that 
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tilt force nf *itlractioii lK.^lwt<:n any two lx»Jii'» is pro- 
portionui to the priKluet of their Diasses, iiml dccteases 
av the* s(jtiaiv of their distanc^e upart incTeases. The 
atlmctioii of i\ hphirc. titlier ]iontog<.'nt-oi].s or nmde up 
of haiijogeiR'ous cftncenlric layerit, is the ^ame as if 





all ite matter were concentrated at its centre. The 
muss of a IkkIv is. therefore, lueasnn'd hv ils nttracv 
tioii for nnd upon otiier bodies at known distances 
from its ctnlrc- 

The meth(Hl nf determining the earth's mass or uf 
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weighiuj^ the earth should now he clear. The attrac- 
tion of the <?arth upon a body, m, at a known distance 
from its centre must be comjiared vviih the attracticn 
exerted upon tn by some other body of kiiouii mass 
and distance* The difficidty with the problem is not 
one of method, but of practice: the attraction of the 
earth is so incomparably greater than that of any 
body wc can handle, that the actual experiments be- 
come exceedingly dtlicate and the measures dirticiilt. 
The attraction of a globe of lead one foot in diameter 
for a particle close to its surface is less than one 
twenty millionth part that of the earth upon the same 
particle, 

A verj' sunple, but by no means the most accurate, 
way of weighing the earth is the so-called mountain 
niellind. At M, just nuilb of a mountain, suppose a 
p!umt)-line to be hung. The bob will Ije attracted both 
by the earth and by the mountain; under the influence 
of the earth alone the phimb-line would take the direc- 
tion ni' il A' ; under the inflnence of the mount- 
ain alone, the bob would swing around until the line 
took the direction of M C; under the combined at- 
traction of the two, earth and mountain, tlie line 
actually takes the direetinn of M A; very slightly 
different from ]VI A', as the attraction of the mountain 
is small compared with that of the earth. If the 
mountain be of fairly regular shape, the amount of 
matter it contains and tlie position of its centre of 
gravity' can be determined by surveys and borings. 
Careful topographical surveys will show the shape 
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ami size of Ihe ntoiiiitniii, niid by ninning tunnels and 
Jtcp borings iiitu it a good idtra of its average dcri.sity 
can be formed. The mass of tlie attracting nioitn* 
tain, and its distance from the ph]ml>-bQl), can thus be 
determined; the liistanec of the liob frfmi the centre of 
the earth is kunwii In be snrne 4000 miles. 

If now the amount by which the penihilum is pulled 
out of its normal |>ositioii by the uttractjon of the 
momitaiii lie "letermitiefl, Iben Ihe riitici of the mass 
of the ntountain to that of the eurth enn be found by 
the simplest computations. In order to find the dia- 
tiirhing eiTcxt of the moiinlitin, the jibmib-linc \s 
niovnl to M' just south nf the iiiotintain. Here the 
hob will lie attracted toward the north, toward the 
mountain. The latitude of M' as determined from 
obHer\ationH will, therefore, lie loo small, just as the 
latitude of M, on the north side of the moimtain, will 
Im? too greatt The difference between the latitudes 
4if M and M'. as detrrniicitfl from iil»?4ervations, will. 
Uicrefore, he greater than the aetual or true differ- 
ence, which can be found by measuring the di.stance 
on the surface of the earth l«tw<Tn M and M', And 
this ditrerenee l>etweeii the resolLs of ot^servation and 
measurement is twice the deviation of the plumb-line 
bv the attntctirm of the mountain. 

fi aeluat pnictiee. of amiarttnsry^jitnb-line ia not 
It is replaced by a di^h of mercury, whose sur- 
face is iH-Tpemiicuiar to tlic chrection of gravity, and 
bv means of which a tclescojie can be jKiintcd with 
extreme aeenraev toward the nadir* 
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Tills method was tried in Scotland nearly a centurj' 

and a half ago by Jlaskclyne, who found the a\-eragc 
density of the cartli to be about 4.5. Later deter- 
jniiiations show this figure to be much too small. 

Another and far more accurate method by which 
the mass of the earth can be determined is by means 
of the apparatus first used by Lord Cavendish in 
171)8, and this method possesses the advantage that 
all the meaauiements can be carried on in a 
laboratory. 

A large lead ball, a foot or more in diameter, is 
used in^itead of the mountain and its attraction upon 
a small metal hall is measured hy means of a very 
delicate instrument, the torsion balance. The at- 
traction of the earth for the same small ball is directly 
given by the weight of ilit IklU itself. Comparing 
these two attractions and mskiiig allowance for the 
different distances of the attracting bodies from the 
small bail, the ratio of the mass of the earth to that of 
the large lead ball can be found, and thence the den* 
sit)' of the eai-th. Cavendish found the mean density 
to be 5.5, that of water being taken as nnity. Very 
recent experiments by Boys i[] Kngland and Braiin in 
Bohemia indicate that this figure la a little too low; 
the results of Boys give a mean dcnsitj' of 5.527- 

This liigh average density gives some Indication 
of the probable condition of the earth's interior- It 
is Tvcll known that the temperature increases toward 
the centre, the average rise being one degree Fahren- 
heit for each fifty feet in depth below the surface. 
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] f lliis rttle of iiRTtasc l>c rnaintniniHi, tlitn one or tivo 
iiiif](lrt'(I riiilrs Iwlow the siirfac-e tlie heat U fiuilirieiit 
to mult tlic rocks anti fuse tlic metals ihat form the 
fiiirffice. This 111 caiiiiectinn with voIlviiuc pheriomcnn 
cjtUM.ll ;^L'()logists to consider the uitcrior of the earth 
as molten and the snlid surface crust as compara- 
tively thin. Hut the nicltiii^-pf*int of nxk like sub- 
stances is raised with pressure; and the pressure in the 
interior nf the earth is enormous. A few yards belnw 
Ihtt surfat* this pressure is several times (j'^^*^'* than 
the ordinary atmospheric pressure of the surface; 
at the depth of a few miles the pressure is measured by 
toas iTistead of by |whituN, This increase of pressure 
\a so rapid as compared to the inercflse of tempera- 
ture, that at no point within the interior is the teni- 
[KTaturt^ hijjh enough In rnelt the suhstanees of nhii*h 
the earth is coniiJosed. Physicists and astronomerB 
now believe that Ihe earlli is solid thrtiui^hout, and 
Ihnl it is mnre rigirl than steel. Volcanoes are mere 
|>ockets, mere local phenomena. The tides, the pre- 
ccuion of the apiinoxes, and the variation nf latitude, 
all lake plaee precisely as thoii^]] the earth were a 
solid and extremely ri^id Ixwly: these phenomena 
n'ould be utterly changed were the earth a fluid moss, 
surrounded hv a thin solid shell. 




CHAPTER III 

TIDES AND TIDAI. EVOLUTION 

T^HE tides are the regular periodic changes in the 
^ level of the sea caused by the attractions of the 
sun and moon. Twice in each twenty-four hours 
the water rises and covers rocks and shoals along the 
coast, and just as regularly twice each day the water 
sinks back, leaving the reefs and beaches again bare. 
In this periodic ebb and flow of the tide there are each 
day moments when the sea-level is highest and mo- 
ments when it is lowest. These moments are the 
times of " high " and " low " water respectively and 
the positions of the sea-level at these instants mark 
the heights of the high and of the low water. This 
periodic rise and fall of the water is accompanied by 
strong currents, whicli sweep up and down the coast. 
In deep bays and narrow arms of the sea these tidal 
currents are often very powerful and become a men- 
ace to navigation. These currents are often loosely 
referred to as " tides." 

The average interval from one high water to the 
next is not exactly twelve hours, but more nearly 
twelve hours and twenty-five minutes, so that the 
time of the corresponding high water is apparently 
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delayed some fifty-one minutes eacli day. This aver- 
age rctardalloiL ol' Mil- tidLvs \s idfiiticji] with fii»t of the 
tiioun. the interval l>t.-tMucn two succe^ive paiisaj^ca 
of Ihe moon over thf meridian hting t\^ent)'-foiir hours 
and lifty-ont* mituitc.s. Tlie time of high wnler df)c3 
not cxartty (^linriile willi tlie time of [iiLTitiian pitss- 
age of the moon, bnt follows after it by. a certain 
number of lionrs an<l minutes; an interval wliich vanes 
for eaeli placL- of oliscrvalion, Kven for u single 
htatioii, however, thiii* diilerence of time het\veL*n the 
HifKin s pa^isa^e and hi^li water is not ahsoliitcly con- 
stant, bnt Huetiiatcs a few mirmtes eitlier way during 
rac-h ntonlli. Tlit* averit^i? intLTVHl, known as llie 
"establishment of ibe port,'* can l)e detemiinitd from 
a few days' obscr\'ations and furnisbea a miijjh guide 
for predicting the time of high water. Thf estab- 
lisbnient for New London is nine hours and twenty-* 
six minutes; each day, therefore, Ibe time of high 
*\ater will he nine liours and twenty -six minntcs later 
than Ibc time given in the alnianue for tlie mo<:in s 
meridiem passage. 

>ot oidy is the moon's ageney shown in the daily 
retardation of the ticics, but also in tbe nHinthlv varia- 
Uoti in their height. When ttie moon is nearest the 
earth the tides arc nejirly twenty jkt oent> higher than 
vhcn slie is farthest off. Ihit the nn*st notiecahle 
variations !il the height of the titles iH^enr twii or thnv 
days after new and fidl moon, when the rise from 
loir to high water is greatest. These, the higlKst 
tides of the mnntlt, arc ealkd ''spring" tides. The 
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smallest range between high and low water occurs 
near first and third quarters and the con^sponding 
tides are called "neap" tides* 

These characteristies of the tide, the daily retarda- 
ticin and the montidy variations in height, are beauti- 
fully shown in Figure 6. The curves there shown 
on a reduced stale were recorded during four weeks 
of August, 19(KS, on an aiitoniatie gauge at Shelter 
Island, New York, Such a tidal gauge consists of 
two essential parts» a float, which rises and falls with 
ihe water, and a recording apparatus. The surface 
of the Mater is constantly ruffled by waves, which 
keep an ordinary huoy or float in constant agitation 
and which completely mask the effect of the tide. In 
order to secure siiitiolh water for the float, a well or 
tank is sunk near the beach line, and this well or tank 
is connected with deep water hy a pjpc of small di- 
ameter ending in a perforated rose or nozzle. The 
sea-u'ater flows freely back and forth throngli this 
pipe-line, but the disturbing effect of the waves is 
effectually destroyed and the water in the tank is al- 
ways at the same level as that of the open sea. In 
this tank is a metal can-sliaped float or buoy, which 
rises and faUs with the changes in sea-level. This 
float is suspended from a. wire, which leads through a 
system of levers or wheels to the pencil of the record- 
ing device. This pencil rises and falls with the float, 
but for convenience its motion is reduced in some 
proportion; the pencil of the Shelter Island gauge 
moves, for example, one inch for every foot rise or 
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fall tjf the float. The paper a^ELiiist which the pencil 
rests is drawn lorwurd by elockwork so that & con- 
tinuous curve is drawn. Thus is obtained a perma- 
nent record wliich shows the height of the sea at any 
moment of the day or night. 

In the diagram the curve is broken up into four 
parts, each part representing the tidal record for one 
week, from noon on one Friday to noon of the next 
I'riday. The curves for the eorres]X)n(iing days of 
tlie week are thus found in the same vertical line. 
The vertical heights give the level of the water at any 
in.stant on an arbitrary scale of feet; the horizontal 
scale shows the time, the hours nf the day and night. 
The first striking peculiarity of these tidal curves is 
the great disparity between the heights of the two 
tides eiieli day. In nearly everj' Instance the after- 
noon or evening tide is from six inches to a fool higher 
than the morning tide. This is the diurnal irregu- 
larity, and this Irregularity will he specifically dis- 
cussed later. The daily retardation of the tide is 
also well exhibited. Ori August 4th it was high tide at 
9,45 A,^r.; on the 5th at 10.30; on the fith at ll.lo. and 
on the'7th at 12 o'clock noon- By the 18th the re- 
tardation amounted to nearly twelve hours, the times 
of high and low water heltig very nearly the same as 
on the 4Ui; but the bigli water, which occurred at 9.45 
in the morning of the 4th, on the 18th came at 10 
o'clock in the evening, a total retardation of twelve 
hours and fifteen minutes in fourtec^n days. This 
gives an average daily retardation of fifty-two (52) 
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nunutes, agretrin^ verj' closely with the wirrespond- 
iijg quantity f(>r th*f mtxin. Thus, so far as the times 
of high Jinil low wnter are conccrne<I. the tiJes repeat 
thcjiiJ«<:Ivcs very closely eveiy fortnight. 

The charaicler of the lidts varies ednspiciiously 
during the month. On Aii^ist 4th to <tlh the rflnj^e 
of the tide was the greatf^st; the largest variation in 
level iHrtueen nJiiM.-eolivf lii^h immX low naters l>eing, 
3-5 fc-el iK'ttveen the afternc»on ti<ie of vViip^iist 1th and 
the morning tide of tJit.' 5th. 'Die snmlk-st vuri'ition 
octnirred in the morning tide of the I3th. when the 
ililTerenec l>etween high and low water was only l.l 
feel, lesa than nne-thinl tJiait of the 4th. Froni this 
lime on the ran>^e iiiercastd until \\\v. 21sl, when it was 
A little more than three feet, and then it l>egan again to 
diminish, reaehing a nMnirnnm of 1.8 feet on the 'ilMh. 
The moon wa.s foil im AngUf^t till, new tm the lllth, 
and the tir>»t »nil last quarters fell on tlie 'liM\\ ami 
llth August reK|»eetively. Tiie relation l>ctw-een the 
spring am] neap tides and the pha.ses iff the moon is 
thu* elearly hnni^lit out. Still further the neap lidi^ 
of August 12lh nrul 13th were lowt-r than Onmr iif 
the ifHth and ifHtli, anil the reason of this is elear, for 
the aUnanae shows that on August ll^th Die moon was 
ttt its greatest distiinee from the earth, whilst on 
Augiifvt 'Jfith she appntaehed nearer <nir planet than 
at any other tinje rluring the month. 

TJirse eurx-es thun elearly e*lahlisli a eonneetioii l»e- 
tween the moon aiid the tides. The height, or range, 
of the tides deiKTuls prinmriiy upon the phase of the 
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moon and secondarily upon the distance of the moon 
from the earth> The highest tides of all occur when 
these two causes act together or when new or full moon 
happens when the moon is nearest the cnrth, or in 
IJerigcc, as astronomers call It. The depctidence of 
the tiiles upon the phase of the moon indicates the 
sun as one of the prineipal factors in causing tides. 
The Mun generates tides exactly similar to those 
raised hy the nioori_ Spring tides are caused bv add- 
injtj together the two smaller tides due to the moon 
and to the sim; the neap tides are caused by these two 
tides being opposed to one another, the moon caus- 
ing a high tide at the moment the sun wouJd cause a 
low tide. 

The intimate connection between the tides and the 
moon has been recognised sinc-e the time uf Posido- 
nins. but not until the time of Newton was the reason 
lor this connection known. In the Pnucipia he 
showed that the tides are a direct and necessarj' con- 
sequence of the law of grav-itation, O^-er a century 
later, in 1774, I^aplacc, the great French mathema- 
tician, found that Xewton*s simple methods would 
not adequately explain all the tidal phenomena and 
he developed the formulas and methods which be- 
came the real basis for all modern tidal investigations. 

According to the Newtonian law the moon at- 
tracts each and ei'ery particle of matter in and around 
the earth, and the strength of this attraction varies 
inversely B.& the square of the particle's distance from 
the moon. Now all those particles which are united 
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in the solid or rigid p^^jriions at tli<: eartli form n grcut 
sphere, or |{lnt>e, eight thousaiul miles in diameter. 
This globe is attracted toward the mix>n ujj a whole. 
Iht streriK^h of the flttrattioti depending uik>ii the 
iiHTJiKe dihtaiK-c of nil the constituent partielts, fliul 
thi* average <Ii!i^tanc*e is tlial of the centre of Hie earth- 
A particle on the anrface of the earth directly under 
ilie njoim will he altnirlL-d ninre strnngly thnii is the 
earth a-»i a whole, for it is nearer the ninon than the 
average particle at the txntrc. TIic ni<K>n tends to 
draw fmch a aiirfaec particle away from the earth, but 
this lifting force is verj' small eomparctl with the 
whole attmction of the earth, ami the action of the 
moon simply lessens the weight of such a surface body 
lo a verj' small extent. 

The distunee from the moon to the wntrc of the 
earth is very nearly sixty times the ra<lins of the earth. 
and tienee the nttrnetiim uf the ni(K>n upun the i-arth 
will he proportional to^^. The surface particle di- 
rectly under the moon is one radius, or four thousand 
miles, nearer the nuion than the earth'?* centre, mid 
bcnc*c the attractit>ri of the nnHui for it will he mraK* 
Ured by j'gt- The difference fietween these two qiian- 
ttties> *>r Av — z'n* measures the lifting force of the 
ni04ifi ff)r the ]>article in qnestir>n. Uerhieiiig tliCM' 
fnietir>ns to decimals a!id taking the ilifTrrt-nce. the 
result is ().lKm.nO1^40(t. Xow *il e(|ual distances the 
pull of the mtxtn is only one eightieth {•^r^'S that of 
tlie earth; therefore, in onler to inimpare thi*( lifting 
torcc of the moon with graxity the above decimal 
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must be multiplied by ^. The result of this multi- 
plication is 0.000,000,1187 or in vulgar fractions 
' That is, a 4000-ton ocean steamer loses 



8, J 1*1 .000 



one pound of its weight when the moon is directly 
overhead. This effect of the moon is so minute that 
it cannot be directly detected by any measuring in- 
strument, yet it is sufficient to cause the tides and all 
the kindred phenomena. 

This disturbing action is not confined to particles 




Fni. 7- Tide- GENERATING Forces. ' 

at A, directly under the moon, but affects, to a 
greater or less degree, every jxirtion of the earth's 
surface. At B, directly opposite the moon, there is a 
lifting force almost exactly equal to that at A. The 
attraction of the moon for the average particle of the 
earth at C is greater than that for a particle at B, 
for B is at a greater distance from the moon than is C. 
The moon tends to pull the earth as a whole away 
from the particle B, thus diminishing the force of 
gravity and causing a lifting force. At D and E, 
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and all i>niiUs whtrc the monn would I»e on the hori- 
wn, Iht' tJlVi-l of the ailructiori is tn iiuTcasc gravity, 
tn |iull txiWies IdwanlN Ihe itritre of Ifie eartli. At D, 
n -tCKKMdn 8hip wcmUI ^niii about one half a |K)iin<] 
in wfif^ht, nr w(nil(i wei^h nearly a pound and a half 
more timn wlitrj at A. At iiittnnedlate ptiints on 
the surface the di^^turhin^ forc« is neither directly 
up nor down, hut is jjartly vertical and partly hori- 
zontal. On two small eirdcs, however, ahout half 
wuy ht'twitni aK ajid !)• and D iuid 11, resj)eetively» 
tiie foixt is entirely hori/onlal and tends to move par- 
ttclcH alonjt tile earth "s surface. 

The uaFtrr of the ^>cean-s is niolnle and rnnves siloTif^ 
the surface urnler the rtetion of these tide-^t^neratinff 
forces. If till- earth were surnmnded hy an ocean of 
iinifnrni depth Hn<l hotli the ii-ai'tli and jnoon at rc^st, 
tiien the curn-nts prrxhif^d I»y these forces would (low 
until the tiiran was distorted into an ov«l sha|Kr. The 
longer «>is A II wijuld he directed tow^ird llie ntrMji 
and wotjld exei-ed the shorter hy ahoul four rot-t. 
That is* when ft state of etiuilihriuni wiis reneluMJ and 
the currents ccase<l to How, [lennanent tides woidd 
l*e fornieil and thr differrtiee hetA^etn high and low 
water would Iw aljont two fee-t, 

tHirther, supjKJse the tarth to revolve upon ll-S axis 
within this |>trnian*Jit >ihcll of water. If there Ik? no 
frietion Iwtwet-ii t!ie curlh and water then the rarth 
will revolve without disturhin^ in any way this dis- 
torted e^^-sliaixd K;^rL\ An ohscncr in any lali- 
tudc wouhl he earried nroond in a small circle once 
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in twenty-four hours and during this time would 
pass through regions of deep and of shallow water. 
Starting at F, such an hypothetical observer would 
be carried into gradually shoaling water, until at L 
the shallowest point is reached. It would then ap- 
pear to be low tide. From this point, the rotation of 
the earth would carry the observer into deeper water 
until G is reached, after which the water would again 
appear to grow shallower. A second " low " would 
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be reached directly opposite L, and a second " high " 
at the starting-point, F, Thus during the day there 
would be experienced two high waters and two low 
waters, and the high waters are verj^ unequal, that at 
G being decidedly higher than that at F< This dif- 
ference in height of the high waters is called the 
diurnal irregularity, and is clearly shown in the auto- 
matic records of Shelter Island- This inequality de- 
pends upon the latitude of the observer and upon the 
position of the moon. ^ATien the moon is on the 
equator, the ellipsoidal shell of water is symmetrically 
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lilrti'cd nitli respect to the imralk-ls of latitude aiKl 
the two suLTeisive tides are exactly alike. Tlie di- 
iirtial ificttnalit^' vaiiiMliea in th].i <-a,sc. This \s nIk^wii 
III tlie Slidttr Island tidal ciirve-s ; the inequality 
disftppeared on August ftlh and 'llwA^ tlie days on 
which the mcKurs deelination was zero. The iJiequaN 
ity was 11 innxniiuni on August 1st and l.>th. the 
duya on which the moon \va«t Tui'the^t Kuuth and north, 
respectively, of tlic equator. 

So far the moon alrjne ha*i hcen considered. The 
Mtn, however, also aet?; nn the ocean and pro- 
duct's similar, though stiniewhat smaller, tidal ciTeets. 
Tile great^^r distance of the sun more than ovcrhal- 
aniTS ita greater iimss, anrl its tide-generating force 
is only about twti-fifths that of the moon. If, there- 
fore, the sun acted aldue it would produce nn cr|U)li- 
brium tide of a httlc kss than one footn AVhai tlic 
two btxlics, the sun and moon, lie on the same or op- 
pofiite sides of the earth, the two distortions tt'ill be 
supeniii|Hisi'(I and an equilibrium tide of nearly three 
feet prinlueed. When the nnHin i.s in quuilratiire tlic 
major axis of the sun's distortion tvill coincide u-ith 
the minor axis of the ukmuT?*, and the one will par- 
tially offset the other, producing a tide i»f al>out one 
font only. Thus at new and full moon the two tides 
cfinsjnre and these large tides are the Ko-called 
*' springa '*; at Hr-st and last quarter the lidai range is 
only alKiut one tliird tliat of the " springs/' and these 
sninll tides ure the siw-alle^i "neaps/* The tidal 
curves in Figure tJ agree fairly well with this theory; 
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the spring and neap tides fall witliiu a day or two of 
tile changes of the moon and the spring range is a 
little over thj'ee times that of the neap. 

While tliis efiuilibriiim Ihcor)' of the tides explains 
the general phenomena in a fairly sati.s factory man- 
ner, it fails utterly to account for the tinic of day at 
which Iiigh find low waters occur. According to the 
diagrams the solar and lunar high tides are (firectly 
under tlie sun and moon, respectively. At the times 
of new and full moon these bodies are on the meridian 
together, and, therefore, the high spring tides should 
always occur at noon and nildnigliL It was full 
moon on August 4, 190(i, and as a consequence the 
moon was on the meridian at midnight, yut on that 
day it was high Mater at Shelter Island at 9.4i5 m the 
morning and again at 10.1,1 in the evening. The 
high tide was apparently delayed some ten hours. 
Observations at vari(jus ports show that this depart- 
ure from the theoretical time of high water is the 
rule, not the exception. And this departure takes 
all sorts of values, varying for the different ports 
without apparent rhyme or reason. 

The explanation <»f this dist-ordance is found in the 
varying speeds with which a wave traverses waters of 
different depths. If the ocean be suddenly di^turhed 
by an earUHpiake or other momentary sliock a great 
wave is created. When the shfH.4i: is over» this wave 
spreads out and travels in all directions. Such a wave 
is a " free " wave, and if it be very long as compared 
to the depth of the water, it will travel at a speed de- 
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I>ending solely upon the depth. If the water be 200 
fwt deep, the wave will move at a rate t)f uljout b^ 
miles an hour: if the water he shallower (he speed will 
lie less; if (htper, ^eater. The oc^an is some two or 
Ihr*^!* iiiiies dcefJ, ami the sjjeed t>f a lon^ free wave i*i 
from -100 to oOO miles liti hour. Jf the f^ietan were 
!•% miles deep tlie wave would travel 1042 Diiles an 
hour, or complete a circuit around the earth's etpjator 
ill exactly one day. 

The lidal wave, however, in its inception is not a 
free wave. It is not created hy a momentary earth- 
quake shock, hut hy continuously acting forces. The 
ttde-|reucnitin^ forces *)f the Min, for exaniplc. tend 
In make a wave nn Ihat portion of the earth directly 
l>eneatli it, and as the earth rotates this point is car- 
ried iirouiid. making the cirt*uil of the earth in twenty-i 
four honrs. At each mnmcnl the mui creates a new 
wave, the crest of c«ch new wave hciu|; lo tlie west of 
itji immediate predee^'ssor, Kach 'wave as soon as 
create travels onwnrd ns a free wave at a speed dc- 
[tendln^ only tipoti the depth of the wntcr, llie 
ocean is, us it were, disturhcd hy a ^real numhcr of 
"free" waves, each starting from a diiren^nl i>oint 
and each moving on hy itself. Am) at ench pf>int 
A new wave starts out every twelve hourtt, one 
when tlie snn is overhead and one when it ts iinder- 
fnot. Kxnctly Imw" ;ill these free waves merj^t nud 
form tme j;r<'at tidal wave it is impossihle to explain 
without the use of mathcmaties, hut mer^je they do 
and order is prnditird out of chaos. The crest of the 
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resulting wave is not necessarily directly under the 
sun; in fact the trough of the wave may appear where 
the siinplt eijiii lib Hutu theory would show the crest 
ought to be. The position of the crest, relative to the 
sun. depends upon the time required for a free wave 
to travel ahout the earth. If the ocean be of such a 
depth that a free wave circuits the earth in less than 
twenty-four hours, then the crest of the resultant 
wave would keep pace with the sun and the tide 
would be direct, or as indicated by the eiguihhriuni 
theory. If on the other hand the free wave require 
more than a day to travel around the earth, then it 
ean he shown that the erest of tlie tidal ivave would Ih? 
90" from the sun. In this case it would be low water 
where the tidaJ forces tend to make it high water and 
the tide would be invei'teil. 

Now the ocean is not more than three miles deep 
on tlie average, and the speed of a free wave cannot 
he greater than 500 miles an hour. Such a wave re- 
quires fifty hours to travel once around the ef[uator, 
the sun requires but hvent>'-four- Hence, if the 
earth were covered by an ocean of this uniform depth, 
the tides at the equator would be inverted, Sixtj— 
six degrees from the equator^ however, the tircuuifer- 
ence of the circle of latitude is only lO.OOO miles, and 
a free wave Avould travel once around this circle in 
twenty hours; while the sun requires tweoty-four as 
before- Kor all points in this latitude, then, the tide 
would be direct, the high water keeping pace with the 
sun. Somewhere between the equator and this circle 
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of latitude there is a eircle in which the waves are 
m-uIrHliscil jintl the tide neither rises nor falls. What 
bos been said ol the sun applies equally welt to the 
moun and Ihus the tidal waves created by these bodies 
arc not the simple waves intiieateil by the cqiiilibriuni 
theory, but are extremely t^omplieated. Xear the 
equator it is low water under the iitoon, near the poles 
jt ia liigh water, and at some intermediate latitude the 
tidal effect vanishes. 

In the actual case of the earth the tides are in- 
finitely more complex than indicated by the above 
theory. The oci'hiis iire of various dcpHw; the height 
and speed of the tidal waves, therefore, are radically 
different in different portions of the earth. AjraJn. 
the eonlinents divide the oceans and fonii great bar- 
riers which deflect and mo«hfy the tidal waves. In 
each ot*eon is pro<hiced its own individual tidal wave; 
in its origin a forced, in its subseijucnt travcrl a frec« 
vibration. These waves, once fonned. pass frimi 
ocean tu ocean, around capes and promontories^ 
modifying nnd chantpng the tides to the uttennost 
ends of the cartti. The great tidal wave of the cartli 
in formed, bnwever^ in the broad, deep waters of the 
Southern Pacific. This wave spreads east and west, 
Around Ciipe Horn and past Cape of Good Hope, 
and sweeps northwanl up through the Atlantic. Here 
it is met and mcHlilied by the dialler Atlantic wave. 
Tbc combined wave travels nearly 70U milcn \\ct hour 
flml reaches Xew ^'ork sonic forty*onc nr forty- 
two hours after tlu' piircnt wave wil^ started in the 
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Southern Tacific. The tides alori^ our t'oast to-(lay 
fire mainly due to tlic action of Hie iiii«in. yi'slcnlay 
itnil tl]f day l)efiire, upon the waters oT the Pacific 
tind liulian f>cean.s. 

Two sneh g^rcat waves are started even' day, the 
crests rijllowing one another r»ver the same track, hul 
each wave differs sliijhtly from its predecessor. The 
varying positions of the sun and moon cause moditi- 
catiiais and c-hange the ^h^iptr and hcigltt of tlie wave, 
prodocinff the differences between spring and neap 
tides. \% the parent wave is some sixty hours old 
when it reaches the (icnnan eoast. there must l>c at 
lea^t live or six siinultaocouH cresfts traverfiing the 
Oceana. 

As the tidnl wave of the occnn approaches our 
shores, it i^ gn-atly nioilified. Ah it pa«iseii into shal- 
lower and shnllfn\er water the speed of the wave di- 
tninislies and its height inerca^i's. Tlie contour of 
the hind nlso has u njarkr<] effect. Where t)ie shore 
is open and the hays lirnad and regiihir, the tidal wave 
varies little frfmi tliat cf the oiK*n sea. On the Long 
Islund hcaelie> and at New Lniidon the- tides are regu- 
lar and not more than two and a Imlf to three feet in 
lieight. On the coast of Maine, on the other hand, 
the tides average ten arul twelve feet, and In the Hay 
of Fniidy tides cjf seventy to one hundred feel are nnt 
uneoninion. From Ca[}c Cod to Cape Sable the coast 
forms a great funnel, with mouth wide open to the 
•en and the Bay of Fundy Hirming thr narniw sjHJiit. 
Into the hroiid entraiic*c of this gulf the f>cean tidal 
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wave sweeps. As tlie funnel becomes narrower and 
narrower the waters arc crowded together and the 
wavt [becomes liigher and higher, until at Horton 
Bluff it averapfes sixty feet hi height. 

On the cast coast of England there are many 
peculiarities of the tide- The Atlantic tidai wave is 
divided, one part passing through the Channel and the 
Straits of Dover, the other around the northern end 
of Scotland and so into the North Sea. These two 
waves travel along the coast in different directions, 
one north, the other south. When the crest of one 
wave meets the crcht of the other, tifles of consider- 
ahlt' height are Auind: whtn crest meets tmiigh the 
waves neutralise and there is scarcely any tide at all. 

Tidal Evoitition. In the deep waters of the ocean 
the tidal wave moves onwarrl without any great dis- 
plaeement of the water itself. The form moves like 
the wave in a stretched cord, hut the particles of wa- 
ter which momentarily form the wave do not depart 
very far frtmi thtir mean positions. In shallow wa- 
ters this oscillatory motion ia transformed and great 
masses of water are actuatly set into motion. On a 
small scale a similar phenomenon may be viewed any 
day at the seaside. The waves of the oeean, caused 
by wind and storm, come rnlhng in toward the beach. 
Just outside the line of breakers a boat will ride at 
ease, rising and fallicig on the waves, but reniainlng 
practically stationar>'. Let the boat come just within 
this line, however, and the rushing water will burl it 
far ujjon the beach. So the great tide wave on ap- 
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proacliinf; tho shore is channel intn » mass of rushing 
H'lUcr, tvlik'h flou's iii ovlt shoals und ruck^ unci ia 
AgAin (lruf{gcil out to sea. Thus arc producetl ihe 
tidal fiirrftitifi which Mvtcp up and down the coast, 
Thrnuifh tht- Ilucc and the eastern L'ritrarices into 
Kong l.slan<j Sound [H)ur ^reat ntJtsscs of water. Six 
hours Itttur the current is reveraed and the waters of 
the Sound rush out to sea. 

Now ihe waters cannot flow hackward and forward 
over llic nnjgh, unevL-n ImjUoju without a goctd deal of 
friction. Thiji friction means tlic transfonnation of 
cncrg>' into heat. And the energy thus dissi]iatcd is 
largely derived fnnji the rotation of the earth. The 
tides act as a brake and tend tu sh^w down tl>e K|H<e<l 
with which the earth rotates, or in other words, tcn<l 
lo make the day longer. In tjrdcr that a hmke |ire,w| 
ing n^HUKst llie rim of u wheel nmy Ini efTeetoal and' 
hnng the wheel \u rest, il must Ik' attached to some 
fl-xetl snj>|Mirt: the hrake of a carriage is attached to 
till- axle or lo the iHKly of the waggon itself- The tidnl 
brake of the earth is attoehtn] to the slow-moving 
moon. Itiit netion and reaction are equal and op- 
posite, flud us the tidies tend to diiitiiiish the sjieed 
of the earth's n>tatioiu they must at tlie Muiie time 
aeceleratc the motion of the ujoon in her i>rhit. 

This action of the tides ii]ifin the earth ami mo<^R 
U illustrated in Ptgiire 10. page OH. In n s\mU 
low, frictionless ocean the tides are inverti'd at the 
equator, the tidal protu lie ranees hcing found at A 
and B. The fricti<^n between the waters nnil Ihc 
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earth retards the tides and throws the protuberances 
backward to H and H'. The attraction of the moon 
upon the protuberance H tends to drag the protuber- 
ance backward and retard the rotation, that upon H' 
tends to accelerate it. But as these protuberances are 
sensibly equal and H' is farther from the moon than 
H, the retarding effect must be greater than the ac- 
celerating one, and the total effect of the couple is to 
retard the rotation of the earth. The primary effect 
of friction is thus to change the times of high and low 




Fig. 10. Tidal Fticrtos. 

water, and the secondary effect is to diminish the 
velocity of the earth's rotation. 

The tidal protuberances in turn act upon the moon. 
The attraction of the spherical earth is directly to- 
ward the centre C, the attraction of the protuberance 
II is in the direction M H. This attraction can be 
resolved into two components, one in the direction 
M C, the other in the direction of the moon's motion. 
This latter component is extremely small, but it 
tends to accelerate the moon. In the same way H' 
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has a component tending to retard the moon. On 
siv-injiii ijf ihf grt'iiler liisbinLe wi \V \\\\s rctanliiix 
effect is less than the accelerating effect or II, and 
the total aetion of the tidal protiibcninces is to hurry 
the ni<M>iL forward in ris orliiL 

It i« a direct con»;e(|i]enee of the law of gravitation 
that the size of a satellite's orhit about the primary 
depends solely upon its vehxity at any i>oint of the 
orliit. If tl»e vehn-ity lje diniinishcd, the nrhit will Iw 
diminished, if Uic velocity lie increased, the major 
axis of the nrhit will be lengthened. Hut the lar^r 
the orbit, the tongi^r the time the satellite will be in 
traversing that urhit. Tidal friction aceelerates the 
Uiution of the m'M>n and the effect of this acceleration 
is to increase the sivx; of the itioon'ji orhit, to push our 
Kalellite faiiher away, and. paradoxical as it may 
seem, to len^hen the month. 

The friction between the water and the earth de- 
lays thi- linii: t>f hi^di tiiie. rtlard?! Ihe njtatiim uf the 
earth, and lengthen!* the niontlu Ttvday this fric- 
tion IS vcr>' small and the con^^ipient len^thenin^j of 
the day and monlh very Tiiiniite. Dnrin^^ Ihr \i\s\ 
20(H) years the day lias iint changed in length by even 
-1^5 of a second. 

Upon the-se inevitable results of tidal friction 
George II. I)ar\^!n has hiiilt his iheorj- of Tiditl Kv(^ 
lution. The ntoon, accordin^^ to this, was originally 
a part of tlic seini-fK>lid or viscous earth: became 
separated frcjuk our jdanet; and in these ]onj;*past a^a 
re^'olved close to the earths surface, Tlie mutual 
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attractions of the two bodies caused immense tides 
upon the siirfac-'e of the planet and satellite, and the 
iiiteraetion of these tides ^radujillv lengthened the day 
and drove the moon farther and farther away. Kven 
the present relation between the m*xjn and the earth, 
the leiigtii of the fiay and tlie month- is hut a stage 
in the life histor>'^ of the system. Darwin forsees a 
time, milliona (»f }'ears frnm now, M'hcn the evolution 
will he complete and the system reaeh a state of cqulli- 
hrium. Then will the day and month he equal, the 
earth rotating upon its axis in fift>'-five of our pres- 
ent days, and the moon will always be over the same 
portion of the earth's sinfaee, the two Ijodies going 
round and round as though rigidly fastened to the 
ends of a bar. 

Although tidal friction is to-day extremely minnte 
iind its aetion insensibly slow, yet in past ages it must 
have been considerahle and its action comparatively 
rapid. Two eauses rontrihutefl to this, the nearness 
of the moon to the earth, and the greater friction in 
the viscous materials of which the earth was com- 
posed. It can he shown that the retarding effect of 
the moon, acting through tidal prntn he ranees of the 
same size, increases proportionally as the cube of the 
distance between the earth and moon decreases. If 
the distance of our satellite were halved without 
clianging the titles, the retarding effect would he in- 
creased eightfold. Hut ns the distance is diminished 
the tides themselves also become larger in the same 
cubic ratio, and the tidal retardation of the earth's 
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rotation must tlicrt-rorc be increascii proportionally to 
the inverse sixth power of the distance. The ocean 
liilt'^i are ni^w alxuit two Feet; but if the moon were, 
hreni^ht to one lialf it« present distanee, the primari' 
tidal wave would l>e sixteen feet high, and the tides in 
the Hay of Kiiiuly would reaeh the enomious height 
of ei^lit hundred feet. At this distance the retarda- 
tion due tn these ininicnse tides would he sixty-four 
{ti4) limes as great as it is at present. Were the dis- 
tance of the nioun rediieecl to one tenth of what it 
now is, tidal Frietion would be a miUion (10"*) times 
its present strength. 

A^jiiiu in UiL* early stages of its de\'elopment. the 
earth whjs w semidiquid, molten mass nf rock. Any 
movement in this vi»eoiis suhatancc would give ri»c to 
frietion in enmpitrison with whieh the frietion of wa- 
ter passing over the oeean bottom in in*iigniHeant 
Thus, while the action of tidal frietion \& inimeasur- 
ablv small to-dav, it must have been a tremendoiia 
force in the i\fL\s when the earth was molten and the 
moon elose ut hand. The lengthening of tht- day, 
insensible iit present^ must then have proceeded with 
great rapidity. 

Darwin eoneeivcs the earth and moon as Irnving 
originnlly fonnetl a single ^mi-liquid viseous body. 
This planet nitated alKJul Its axis with gn'at rnpidity. 
its day being but one or two of our hours in teTiglh. 
Owing to this rapid rotation and its plastie condition 
the planet Wtanie excessively flatteitetK the e(|uatorial 
diameter being several times greater than the i>olar. 
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If not disturbed by •extraneous forces such a rotating 
liquid mass M'ouKI have assumed one of several figures 
of equilihriiim, as the pear-sliaped figurt* of Poiiicare 
for example. The exaet figure assumed would de- 
pend upon the speed of rotation and tlie viscosity of 
the liquid mass. These equilibrium figures, however, 
for rapidly rotating liquid niasses are unstable; slight 
disturbjuiees or changes in the speed of rotation will 
cause complete change of figure and even possible 
bre»kiug up of the niass into fragments. With alter- 
ations in the speed of rotation the pear-shaped figure 
of Poincare changes; dimples form at the ends of the 
axis and then become deeper and deeper, until the 
figure gradually passes into the hour-glass form, 
And it is but a short step from this form to that of a 
planet and satellite, with their surfaces just touching 
and revolving as though rigidly fastened together. 

However the separation may have been caused, 
whether by the rapid rotation of the original fluid 
mass or by tht; action of external forces, the moon 
just after her birth undoubtedly revolved so close to 
the earth as to nearly touch its surface- The length 
of the month and the day were almost identical, the 
moon continually facing the same side of the earth, 
and the two bodies revolved about each other like a 
single hour-glass-shnped body in from three to five 
hours. If the month and the day had been exactly 
equal the condition of the t^vo bodies would have been 
one of unstable equilibrium. So long as there was 
not the slightest trace of a disturbance anywhere the 
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bcMlies woulci Imve Rone on revolvinff in the same con- 
dition furcVLT. 

If the initial month were cvvn infinilesininlly longer 
than till* (Iflv. the moon woiUd slowly travel over every 
jxirtjfin of Xhv ])lanrt's surface iind enormous tuJes 
would Ih,' dtvilojicii. Tidal frirtlon would begin to 
act, the day and the month would slowly lengthen, 
and the moon re<vde farther and farther from the 
earth. At first their changes wonid he extremely 
rapid, the month k-n^tht-Tiitig nicire 4jijiek1y 1I]hm the 
day, 60 thflt there would he first two. then three and 
four days in a month. Finally, after the lapse of 
niany rt>fc-s. Ihe moon receded to her present position 
nnd the iltiv and month hetrame as we nou' know them. 

This view of Darwin, tluit the moon was horn of 
the earth. U now ^ncrally aecepted. and the ^reat 
influence (tf tidal friction in shaping and tiifiutding 
the w}Ifir system rceo^ntNcd, Just as Ihe mf^on raisefl 
Ifreut tides ui>on Ihe earth, so. in tJw: by^^Jne u^es. the 
earth caused immense tides upon the then molten 
monn. The friction of these tides inijxtlwl her r<>ta- 
tion and she gradually nitnled more and more slowly, 
until she ceased to rotate relalively to the earth and 
lier dav l)eefliiie eqiml tn her sidereal |>eriml. The 
moon has now solidtfied and the fonner tide has be- 
come a permnnent disl<^rtion. The ni*>on'i^ e(|nat<ir ifl 
!ili;^htly elliptical and the longer axis of tin- ellipse is 
pointed toward the earth. To the action of tidal frio 
tion is due the fnct that the moon always presents the 
same face toward the earth. 
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The sun causes tides of considerable Importance 
upon the earth, and these tides must tend to retard 
the earth's rotation and lengthen the day. But the 
mass of the earth is extremely small as compared to 
that of the sun and the effect of the earth-sun tides 
upon the orbit of the earth is practically insensible. 
I'idal friction has not altered the distance between the 
sun and the earth to an appreciable extent, and Ihe 
solar tides are probably as large to-day as they ever 
have been. When the earth was molten, however, the 
solar tides were more eif ective than at present in re- 
tarding the earth's rotation and they must have played 
a considerable part in the gradual lengthening of the 
day. At the present time the day is not lengthening 
by so much as one one-hundredth part of a second in 
a thousand years. But, if the oceans do not dry up 
myriads of years before the process can be completed, 
tidal friction will surely impede the rotation of the 
earth, lengthen the day, and ultimately cause the 
earth to always present the same face to the sun. 
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THE DI8TANCE OF TIIE BUS 

V aII the heavenly bociics the most important to 
iht' iiihtihiUuits nf the earth is the sun. The 
countless niyriHcIs of stars ancJ the niimernus planets 
efHild Ikt blotted out of existenee nithoiit sensibly 
iilTeetirif^ our daily life; tlie ninnn might lie xhatterrtl 
into frfl^nient^ hikI dispersed throughout space nith" 
out materially etianK^nK the c^mdition-s inider wliieh 
we live and ixist; the iuj£h1;s would he dark, tlie tidca 
and currenlit whieh <i^weep oitr c^uusts would be radi- 
cally moditied. And the tenths of the day and tlie 
year nuK'^' even he ehan^eil to an appreciable amount, 
but we«»uUi still ^o on livin;^ our livcM. pursuing our 
business and oup plca.«tne!i as wc do tivtlav- Hut if 
tlie sun ceased to .shine the <lays of the world wimhl he 
nuinlM.red. 

The fiuii is the centre from whieh is derived the 
Ileal, the encri^y, (lie life of the earth. In winter lire 
sun d(W5 not rise so far nor remain so long aljovc our 
horizon an in siunmer, and to the difTering amount./' 
of heat thus ^iven uh arc JiseriUrd our rver-varyin^f 
seasons. The variatiom in climate, the difference hc- 
iHijcn the torrid heat of the tropics and the rlM'oiini of 
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an arctic winter, are caused by the radicaUy different 
amounts of solar lieat received. A sensible increase 
or diminution of the solar radiation would inodify the 
climate of the entire \i'orld- A radical decrease in the 
amount of heat received from the sun would cause 
the polar itt to spread toward the erjuator, would pro- 
duce an age of ice and ynow and brinp; death and de- 
sttuction to the inliabitants of our world. The earth, 
undoubtedly, has internal heat of its own. but if the 
sun ceasetl to v\"drm tbf atnjospliei-e, for even a single 
month, the earth would grow cold and uninhabitable. 

Energy derived from the sun wanns and lights our 
houses, turns our mills, and drives our steamships 
across the ocean. ^Vate^ plunging over the rocks at 
Xiagara is intercepted atid made to turn the giant 
turbines of electric power plants before it is allowed 
to hurry on its way to the sea. If the waters of the 
Great Lakes were not replenished Niagara would 
soon run diy aud our mill-wheels stop. But year by 
year, and day by day, the siii^s rays evaporate the 
waters of the ocean and lift them back again to the 
mountain tops, whence they flow downward into 
the lakes and rivers. Coal, the ordinary fuel of our 
daily lives, is transformed and fossilised plant life, 
and the force which builds up the plant cells and 
transforms the chemicals of the atmosphere and the 
eartli into living tis>ine is the energy of the snlar rays. 

Our dependence upon the light- and life-giving 
properties of the sun has been dimly realised from 
the earliest times- In ancient Kgypt the sun was 
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worshipped un<l l>ei'iime the goA " lia." The early 
Greeks pci^oiuHed llie sun an a god, a eliarititeer, m!uj 
drove hU ficrj' sleeJs iictuss llie fault of the heavciis^ 
and none but Pho-lius eould safely jfiiide the ehariot 
ill iU daily eotirac. In many \nn<h and in many a^es 
the sun tia* been Morshi|)i»c(l as the rtll-povvcrriil, thr 
ff<vl of gixh, and to-day the trae**s of this wnrship are 
found in all lan^ia^es: atteat the name of the Hftt 
day of the week-Sunday. 

The am-ient astronomers were interested in and 
niade carefii] studies of the motions of the sun; they 
Imd no methods of studyhi^ its physieal diaraeterU- 
ties, no nieiin!« i»f finding <jnt wlmt the sun really !s. 
From the earliest times the path of the sun through 
tlk^ heavens ha;* been reeogni-sed and the length of the 
year knoM-n to within very narrow limits, In Ilonier 
Iherc arc frefpient refereiiees to tlie vear and to the 
month; irt IlesicKl is the enrliest mention of the sum- 
mer ntkd winter solstices, as marking defiriite |>orTit.<s of 
thesurTs annual jmlh. Hy tlie time of IlrnnlolTi^i I he 
j'ljar was reeftgnised as eonsisting of twelve months 
of thirty days eaeh, or JMO days in all 

Tlie (irst aeiunite njiraNurenunt of the length of the 
year wiw made by Ilipparehu* about 1»0 years iK-forc 
the Christian era. He found the tropieat year, the 
yvAT u]K)n whirh the seasons <h'pend, eon^isted of fl(I5 
ilnyti, 5 hoiirx, and 53 minutes, and this re]>re?Kiits the 
length of time required for the sini to pass from the 
A-cmat equinox around the celiptie and hack agftin to 
the venmi ecpjinox. Tlie error in this determination 
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IS oiily a little over six minutes, the true value being 
365 days, 5 hoursj 48 minutes, and 48»5 seconds. In 
arriving at the length of the year Hipparehus pcr- 
scinally (»bsej-vtd nine equinoxes, ui whieh six were 
autumnal and three vernal, and eompared these with 
several determinations made by Tinioeharis some 150 
years previously. 

Xot t>nly was the length of the year thus early de- 
termined, but approximations Avere made as to the 
size and distance of the sun. Anstarehus. some three 
centuries liefore Christ, measured the relative dis- 
tances of the sun and nnwn and found the sun to be 
nineteen times farther from the earth than the moon, 
and c'onseijuently nineteen tinies as lar^e as the inoiin. 
He knew with considerable accuracy the distance and 
size <)f the moon, and these measures showed the sun 
to be some six times larger than the earth and more 
than 1700 radii of the earth distant. Although it is 
now known that Aristarehus greatly underestimated 
both the distance and the size of the sun, yet his dc- 
termiTiations remained uncjuestioned for more than 
fifteen centuries. 

In the year 1543 Copernicus revised these ancient 
estimates and concludeJ that the sun is some 1500 
radii of the earth distant. This is but little more 
than one twentieth of the actual distance, and only 
slightly better than the figure it replaced. Coperni- 
cus, however, revised the ancient system and gave to 
the worhi the true theorj' of the planetary motions. 
He showed clearly the possibUity of explaining all 
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the varied loiips and rftrogressionn in the path of a 
pluiivt by supposing the sun to Ik> tlu- rcntre of nio- 
tiGH and the earth. togcUitT with all the other pLincts, 
to rirvolve alwHit it But this idea nf a renlral siin 
was nut at oncv act-cpted; Tyoho Brahe, the most skil- 
fill (ihservtT nf his times, reverted to a mrHhtic-atinn 
nf the ancient Plnleinoic system, Tlie great Ntuin- 
hling-hWk in the way of the Coperniean s\'Mtenk wan 
the nnnuid parallax of the fixed stars; it was this 
that caused Tyclio to take his hackward step in the 
develnpnient of nstrnnomieal thought. 

Copemieus clearly saw that if tlie earth is itself in 
motion. iH travettiiiji^ aroLnul the nim in an iinmehHc 
circle, then in winter the earth mnst he many iiril* 
lions nf miles fmm where it is in snmnier. A star 
viewed fn>ni Mieli widely separate points shouhl ap- 
pear to shift its position in the heavens* >hradd 
appear to have a marked annual parallax. As no 
sueh shift had Iieeii ot>ser\e<l. Cojiemiciis ri^^illy 
conchided tluit the stars are at a di^^tance so im- 
meaMiralily large that Hie ])ath of iIr- earth Ls but m 
point to eoniparifioi). 

Xiarly a antury later Kepler tried to determine 
the ilistume nf the snii frniri \\\v earth l>y indirect 
mcatis. From th<* laws of planetary mi>ti("n» whieh he 
discfivereil, he was rnahled to arrive at a correct rep- 
rcM-ritation of the sninr syHlem: he knew the correct 
sha|H'« and the rehitive sxifcs of all the orhits, hnt did 
not know the actual dimenHtons in niile« of any one 
orbit. He had, as it were, a correct map of the solar 




i 



8o THE SOLAR SYSTEAf 

system, but did not know the scale to which the map 
was drawn. As soon as any one distance on such a 
map became known the scale could be determined and 
all other distances found. Kepler attempted to tind 
the distance of Mars from the earth. He failed be- 
cause the instruments of that day were not sufficiently 
accurate. From this he concluded that the dimen- 
sions of the solar system are far larger than had been 
supposed and he increased Copernicus' estimate as 
to the distance of the sun, making that distance some 
450Q radii of the earth, or some seventy-five times the 
distance of the moon. 

It was not until the time of Cassini, in 1673, that a 
reasonably accurate determination of the solar dis- 
tance was made. About this time, it will be remem- 
bered. Richer made some astronomical observations 
in Cayenne^ among them some measurements of the 
position of Mars. Combining these with similar 
measures made in Paris the parallax of Mars was 
determined and thence the distance of the sun. This 
distance was found to be some 21,600 radii of the 
earth, or 360 times that of the moon: nearly twenty 
times the distance as first given by Aristarchus so 
many centuries before. 

During the two centuries and more which have 
elapsed since Richer voyaged to Cayenne many 
improvements have been made in astronomical in- 
struments and in methods of observation, and a corre- 
sponding advance has taken place in our knowledge 
of the size and distance of the sun. It is now known 
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Uiat tlic sua is a great globe between 860.000 and 
870,01)0 miles in (liaiiicter and iieui ly fKl.mojJOO miles 
dislant. This di<«tatii:e is so i^jtut llmt the mind fails 
1(1 irrasp it iink-ss sonic onncrcle lihistralioii is used. 
Ill the VanderbilL cup race the inasl pi^werfid uikI 
Tastt^st motor ears of tlie world c(»vcred tlie 3(K> miles 
of the course in five hours, avcra^jing about sixty miles 
All hour. Now if tile wiriner of the nice (ravelled at 
that average speed day and night, without a stop, it 
wmild re(|iiire some 175 years to pass over a distance 
e<jiial to that of the sun fnmi the earth. A^uin, to 
borrow an illustration from Pnjfessor KlendenhalL 
our nerves tnkr an ap]nvti*ihle time to trunsrnit sensa- 
tion. If we burn our fingers, we are not instantly 
ware of it> for it rec|uirea a minute fraetion of a sec- 
ond for thr sen^Titinn of ]min to travel alon^ the 
nenes from IhL* finger lo Hit- liruin. Imagine, now, 
on infant with an nrm long enough to reach out and 
ttaieh the sun. Its hand would he burned <dr, but the 
ehiM wonii! die of old age long Ijefore it knew it was 
hurt, for 15t» years would be required for the nerves 
to transmit the sensation. 

Tlie direct determination of this distam^ by the 
measurement of the siui's paralla:^ is prae^tienlly ini- 
{Mi,<»sih]e. Mnny indirect iiK'thods have therefore been 
cniploye<I; the parallaxes of Mars and of tlie asteroids 
Victoria and Sappho have Ir-cii used with great suc- 
cess by Sir David (>iU; the aberration of hght. the 
traa^its of VcniL-i, and various minute irrtgulnrities 
in the motions of tlie moon and llic planets hnvc all 
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contributed to our kno^vletlge of this fundamental 
unit of astronomy. 

As Venus revolves about the sun in an orbit some- 
what smaller than that of the earth and in a plane 
slightly inehned to that in which the earth moves, it 
Mill occasionally happen that the sun, Venus, and the 
earth will all he in a straight line and Venus will ap- 
pear OS a small black spot or disc passing across the 
face oF the sun. These "transits" arc rath^^r rare 
phenomena, hapiienin^ in pairs eight years apart, the 
pairs being separated by intervals of more than one 
hundred years. The last pair of transits were ob- 
served in 1874i and 1882; the next will occur in 2004 
and 2012, At the moment when such a transit oc* 
curs Venus is only some 26.000.000 miles from the 
earth and her parallax is thus very uiueh greater than 
that of the sun. Viewe<i by obsei'\'ers at various 
points of the earth she will appear on different parts 
of the sun's surface, anr] this apparent displacement 
is over two and a half times the parallax of the sun; 
that is, t\vo observers at wi<jely different stations on 
the earth might simultaneously see Venus projected 
on tile disc of the sun at points one fiftieth of the 
sun's apparent diameter apart. 

In 1670 Ilallcy tirst recognised the importance of 
these "transits" jiud devised a method by which the 
parallax could be found from observations of tlieir 
duration. At any station the apparent path of 
Venus across the sun*s disc is a chord of the circle, and 
very slight displacements of the diord y^^W make very 
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^rcat changes in its Icn^tli aniJ in Ihc correspomting 
iliinitioi) uf Ihe transit. Tliis cfffct is iuul-Ii more 
niarkc<l tlie further the c'honis are frum tlie centre. 
Hence if two observers measure accurftlcly tht rc- 
s]>eetive h'li^ths of tutif whieh it takes Venii** tu crnvi 
the Htsr, the [xisitions nf tlie chords cnn Ik* locnted mid 
their disUtncL- apart accurately 'ictcrmintil- The nV 
wihite, or Greenwich, times nf Oil* lieginiiing and eit<I* 
in|f nf the transit arc not required; the dnratioti only 
is nc(Tssarv, nnil it nouM ticern that this emild readily 
be dL-teriiiincd, for t'lix'ks can easily Ik: nmile wliieh 
run with i-xtreine accuracy for a few hours. 

The Iraiisit-s nf 17r»l and I7(ili were utili^^d and the 
parallax was found to he lietwetn 8" and 9", A^ain 
in IH74 anri IHS:^ a cTonctTtctl attempt im thi.' part of 
many astrononiers was made to solve the question of 
tlic solnr parallax hy means of traUHit ol>s<Tvation». 
lly this tiTtie accurate clocks and special instriijiunts 
were available and other and mnre elatxirale nLetlirxIs 
than tliat of Ilalky could he used. Unfortuiuitely 
for the sueec*is of the method of Hallcy and of the 
ttoniewliat ^iiinilar one of Delisle. the tiiiie^i of U^/fin* 
niug and endinj^ of the Iran-sit cBimot he detenuined 
within several Jrtxonds. The ohservations consist io 
noting the instant at which the e<lge of the planet in 
tan^^nt internally to the disc of the sun. Instead of 
A round clcar-eut lilatk K|K)t touehtn>( the etlffo of the 
»nrL hnth the planet and son arc distortef! and the 
so-called ' blaek drop " appears. The two t^^^^n 
:<eein to eling together for a number of seconds, and 




84 



THE SOLAR SYSTEM 



nhen they siitltlcnly .separate it is found that the 
planet is well within the disc of the sun and that the 
true time of contact has passed. This effect is due to 
the pliysical properties ot" light, to irradiation, and It 
cannot be overcome entirely in tlie best of iiistru- 
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ments. Affftin, Venus is surrounded by a dense Bt- 
mosplicre and the light of the sun shines through this, 
cau.sing Ihe planet to appear surrounded hy a hright 
or luminous rin^ and rendering the time of contact 
uncertain. In the transits of 1874 and 1882 specially 
trained observers with superb instruments could not 
determine the time of contact closer than five or six 
seconds; observers at the same station differing by 
these amonnts. 

Instead of determining the location of the chord by 
contact observation, it was possible, at the last tran- 
sits, to make at frequent intcnals a series of measures 
nf the planet's position on the disc. From such 
series of measures made by different observers, the 
apparent displacement of Venus relative to the sun 
can be ilcterniined> and from such displacement the 
solar [jarallax can be found. These measures may 
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citlicT be made with llie lieliomettr. ur tJelermincd 
fit>m a soric-i of pluiltj^rujilis. The Gernian astrono^' 
mcr.H |iU»h1 jircaler reliance on llie helionieter and 
itiiLilc iin iiiiincnse ^rics uf measiirernfnt-*^ ul iimriy 
differt-nl jstations. The American astronomers, cm 
tho other han<l» used i\\L- pht^to^raphie methmi, ohuin- 
irijf several thou^und platcii. 

I'nnirliinaUly tlie risuHs are not as sattsfsctorj' as 
i^\\\i\ lie wisliwL Tile in.strtiinents were necessarily 
exposed to tht? raya of the siin for sonic hours, and the 
hcftt sct^mcd lo distort the mirrors and Ihrrjw the ap- 
paratiis nut of adjn<itTiien1, so that const^cutive photo- 
^raph-i did not ^ive t^jncc^rdunt mcnsurcs. Some iHt-a 
of the delicacj' of the measures nnd the difhcohii^s 
ctuincftcfl therewith may be formed by noting that 
tl»e son's ima>ce, as obtained in the forty-foot horizon'- 
tnl telescopes of the American ex|>editions, wiis only 
four inches in diameter. On this picture the ilisc of 
Vemis ap[>carc*i projected as a round *pot alHiut ! 
of on inch in diameter. TIic measures consisted in 
locating Ihe s[iot rt^prcsentiriif Venus with n-fcrenee 
to the t.'i'ntre or ed^fc of tlie *iun. An crnir of 
ri-!..:,_ of an inch nonid vitiate the result, for this 
minute ipiantib.' pepru^sents ^'^ of a second of arc. a 
ijuiintity grcnlcr than the whole uncertainty of tJie 
ftohr parallax. 

Of all the >rconK"trieftl methods for mcasurinff the 
aolar pnrnllax. thjit Used by Sir David (rill in liin 
classic ubscrvfttiofu nn Mars !« ninionlttedly llic Imtt. 
In X\\\A method all the obHcnations arc made at one 
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and the same station, by a single observer with one 
instrument. Thus are ejiminated all the errors due 
to eccentricities of different instruments and the 
peculiarities of various observers. A glance at the 
accompanying diagram will make the essential points 
of this method perfectly clear. In the figure JI is 
the planet, O the centre of the earth, and A, B, and 
C three positions of the observer, as he is carried 




Fig. la. Gttx's Method op Measuring thb Paraliax of Mabs. 

around by the daily rotation of the earth on its axis. 
When in the early evening the obser^'er is at A, the 
planet is just rising above the eastern horizon and ap- 
pears in the direction AM. A few hours later, when 
the planet is overhead, it appears in the direction 
B M, and finally before it passes below the western 
horizon it appears in the direction C M. The result- 
ing apparent shift of the planet among the stars is 
shown in Figure 18, the upper circle representing the 
apparent position of the planet when rising, the lower 
when setting. By noting the time which elapses be- 
tween the first and last obser\'ation, the distance which 
the observer has been carried by the rotation of the 
earth can readily be calculated, and this, together 
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with the measured shift of the planet, enables one to 

compute the parallax and thence the distance of Mars. 

A station on or near the equator furnishes the best 
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Yv\. 13. Parallactic Di^rLAt-Kfit-vr or Maks, 

results, for the <!aily path of the <ihsen'cr is here the 
longest. At the ]>oIe the obser\'cr would be station* 
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ary and the method inapplicable. For tliis reason 
Gill was sent in 1877 by the Royal Astronomical So- 
ciety to Ascension, a small island in the Atlantic 
Ocean some 8° south of the equator. Here with a 
heliometep he made 350 sets of measurements. The 
comparison stars were first subjected to a system of 
triangiilation, the relative [KJsition of each with ref- 
erence to the surix)unding ones being most carefully 
measured with the hcliometcr, and thus any errors in 
the positions of indi^nduol stars eliminated and the 
whole body of stars reduced to a consistent system, 
Kflch night, both at rising and at setting, the position 
of the planet was determined from two or more of 
these comparison stars. These measurements of Dr. 
Gill are probably the most precise of modern as- 
tronomy, the probable error in the determination of 
the planet's i>osition on any single evening being only 
about one tenth of a second of arc. 

During the few hours between the evening and 
morning observations the planet itself has moved 
amon^ the stjirs. This motion has tt> lie enmputed 
from the known orhit of the planet about the sun and 
allowed for in making the reductions for parallax. 
Now in discussing the results of his work Gill found 
a minute periodic difference between the observed 
and tubular right ascensions of JIars; this difference 
never amounted to more than C^S?*^. In making use 
of tliese observations for another pLirjxise, Newcomb 
found the cause of this periodic correction and showed 
that it was due to the omission of certain very small 
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nutation Ilitjis on the purl of tliose who prepared 
tlir r]»lR-riit'ris of the pliuiL't. Tims tliu nhservatiojis 
of Pr, GUI were so precise that Uicy brought to li^ht 
this curimis error of roniputatioTi, «n crnir so involved 
and so niiiiiiU- that 11 eould n<tt h^nc l)t.tn iletccted hy 
the very hcTiit Tneridiaii {jhst-rvalioius. 

From these ohser\'atio!;s at iVscension the parallax 
wa* [Ictcrniint^il an 8''.7H;i±ft\0l,>; a re^ilt cxlrtniciy 
close to tilt- tnjth. SiniiUr rntrlliotlN liavc in rtvtrnl 
years ht'en usf.^! in connection with scverul of the 
plan<rtc»icla. The )irinapal HilvuntaKc in usin^ thf-sc 
asteniiiln tics in the fact thnt tliry shnn no Jipprecl- 
nhle disc and thnt, tlu-rcfore, their fHisttirrns nmnn^ 
the stiirs c*an he more i^rcfiacly dettrniintci than can 
thtj^ic of ^Iar>; hut uri the other liiind tliLir orhit& arc 
iiot so well known. Mar« not only lm!« a large disc. 
but 19 of a marked reddish colour and ohservatioiis 
mode on it arc linhk- t<> errors peetiliur to that planet. 

In IKH!* am) ISIH) systtfnatie nh^ervalinii** were 
nuule of the three plunctokU Victoria, Iris, and 
Sappho; those of Victoria bcin^ carried out in tlic 
iiioxl thriniH^h manner. These ohscrv/itions were 
discussed liy (-ill and Klkiii and the following valuer 
of the [mniliax' founds 

From VIriorirt : «',«00 

" IHb :.,.,..S'J25 

" Kti|»]ih(i 8',7M 

Conkhinin^ theM? separate results Xewromh dednrcd 
an the final result for ihifs method the value, 

fi*JW7±O".0Ofi 
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In 1898 the little planet Eros was discovered and 
this body proves to be particularly well adapted for 
determining the solar parallax, as its orbit is sueh 
as to bring it at certain oppositions much closer to 
the earth than any other body of the solar system, the 
moon excepted. In 1900 the opposition Mas not the 
most favourable, yet many observations were made. 
In 1924 this body will be in a much more favourable 
position for these observations, as it will then ap- 
proach the earth to within some fifteen million miles, 
more than twice as close as Mars ever does; and this 
opposition should, therefore, furnish an opportunity 
for a new and extremely accurate determination of 
the solar parallax. 

The indirect methods of determining the sun's 
distance furnish more consistent and better results 
than do the direct geometrical methods heretofore dis- 
cussed. Among these methods that depending upon 
the ''constant of aberration" takes first rank, and 
the observations made at Pulkowa are generally ad- 
mitted to furnish the best and most accurate value. 
The aberration here referred to is the apparent dis- 
placement of the stars due to the motion of the ob- 
server combined with the progressive transmission of 
light. The apparent direction of a star from the earth 
at a given instant is determined by the direction of the 
telescope through which it is obsen'ed, and this direc- 
tion is not the same as it would be if the earth and the 
telescope were at rest» The telescope changes its 
position in space M'hile the light from the star is travel- 
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liii^ the It-ii^tli nf tlie tiilx.', and, thcroforc, in order 
to sL'c- the- slur uo uaist iiK'Jiiit? Uie ttlescopc furwurd 
in liic (Jinvtion oi" tliL- cuiIIln inotidtL The allele 
thnnigh which the ttdestf >])(.' iiuiKt he so inclined is de- 
termined hy the rutio of the iipvcd with whieh li^ht is 
transmitted through spncc to thut with which the oh- 
siTvtr is moving. A* the velocity of li^ht is very 
l^reat compurcfl with tliut nf the cartli thi» an^Ie is 
very snmlh being never more than !ii)".5 and var>-iiig 
with the relative ■lirectinn iif tlie ^ixiV. A inonient*s 
eonsidcrutkon ujll ^how that if the earth he moving 
directly toward a star, tlicn no mutter what the speed 
of the earth there waidd lie no atterraitiofi, the appar- 
ent and Iriie diri-ctioiis nf the star iK'in)^ the winu'; 
nrhilst the greatest id>erratioim1 eJIeet will W found in 
ft star situated at riKht uncles to the niomcntAr^' mo- 
tif»n of the earth- Now the " constant of ahrrration " 
is the niaxiniiun vahie of thiM ang]^, and \% <lirectly 
proportional to the vcliwity oT the earth in its orbit 
divided by the vchxlty of li|^ht. 

If now the eon»ilant of aherratinn i>e detennine<t 
liy aKtrononiicu] nbservations and the velocity of li^ht 
be found by physical cxiicriments the alxnc relation 
enahleii <Kie Fn Inid the vrhx-ity of the earth in its 
orbit. }liJt the velocity of the earth de|H*ndft ii)hhi it4 
distance from the sun, and as s<K)n as tlw vclocitj- in 
miles |H-r sec^>nd is known the distance can be enm- 
]>uted and the ])Hralla\ thn^^ found. Many phvMeal 
experiment's have lieen made ant) Uie velocity of hirht 
in our atnio.%pi»rre \\n^ 1>een deterniincd witli great 
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predsjon. From such measurements made by Michel- 
son and Newcomb the velocity of Hght in vacuo is 
found to be 209,860 kilometres, or 186,330 miles, per 
second, with a probable error of 30 kilometres. 

Many determinations of the value of the constant 
of aberration have been made, among the best of 
which may be mentioned those of Peters, Gylden, 
Struve, and Nyrem The value as determined by the 
latter astronomer was 20".492 ± 0'',006, Newcomb 
in his Astronomical Constants discussed all the avail- 
able material and redetermined the value of the con- 
stant, taking account of the variation of latitude as 
found by Chandler. He found as a mean result 
from all the standard Pulkowa determinations 
20".493 ±0\011 and from all the other determina- 
tions the value 20'',463 ± 0^013. The value adopted 
by the Paris conference in 1896 was 20'',47, and this 
value is now used in the various government ephe- 
merides and nautical almanacs. Combining this 
with the above-mentioned determination of the ve- 
locity of light the solar parallax is found to be 

8\8033 

There are several important methods which depend 
upon certain periodic irregularities in the motions of 
the moon and the inner planets, resulting from the 
law of gravitation. Two of these deserve special 
mention, that depending upon the moon's parallactic 
irregularit>\ and that depending upon the earth's per- 
turbations by Venus and Mars. These methods, how- 
ever, involve complicated mathematical formulas. 
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nithoiit tlie use of which An explnnalion would be wcll- 
iii;^h iiM.'k">s. Tlif cspc'fial atlvuiita^r of tlit-se methods 
lies ill Iho fact that they are cmmilntivc-that. ns the 
year* K" '^y i'**! there are collected more nnd more ob- 
BcnnUoiw of tilt plant'ts, the tkli'miinjitifiii nf Uil- 
cuiiMtuiits of the solur svfitem and the w>Ur parallax 
bt-comcs more and more precise. In 1874 Le Vurrier, 
one of the greatest of Frencli astronomers, wnidd take 
no part in ifljsen'ing the transit of Venus, for he eon- 
sidertd such niethtKl;; of determining the parallax as 
cnide and old-fashi'Tied as compared Mttfi the elegant 
inalhi-itiflticid nieUir>ds of gravitational astronomy. 

In his Antronoviicnl Coukifnitn Xewefmd) diseiifsses 
at length the various nio<lem delcmiination» of the 
solar parnllax an<l the errors to uhieb each nietlrcHl is 
liable. After making lihcral allowance for the prob- 
able sources of error, he rales IIk* comparative values 
of the several mcthiKis and determinations in ncx^ord- 
ance with the weights assigned in the following table: 



FVom (lUlV A9«yn)«i(>ri MiiiorviiiionM 8'.T80 

>V<utk llio l^iTkiiwn lOTiMrriKi (»f jiLH<rri]ti<m> .<> H .7113 

»om r»nirjn'tn i>r Vemi>» with htiiia liml 8 .TM 

Krtmi iklfmrvHtion of VlrtoHa A Ha|t]iliii « .71l!J 

Fnuii ihr iiiLnilhii'lic hui|itjili1v i>f the ai(»OD. . 8 .791 
Friim miiirrnaiK-injK tli'ttniiiuaritioit uf i\w roti- 

Mfunt of Jit¥<rnilli>ii « ••• 8 .fmt 

Fnith ilii> luuar iiiH|Qiilitjr in flu- ni^tfAD of flip 

c-nr(h « ^18 

FWrni mwiKtirrv on Vvuius In traii»ll 8 JSSl 
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From these Newcomb deduces as his final result 
for the parallax the value 

8".797 ± C.OOiS, 

The Paris conference adopted the value 8".80, and 
this value is now used in all the astronomical ephe- 
merides and nautical almanacs. Assuming the 
equatorial radius of the earth to be 3963.3 miles* as 
found by Clarke, then this parallax of the sun cor- 
responds to a mean distance of 92,8^7,000 miles. A 
change of 0".01 in the adopted value of the parallax 
would mean a corresponding change of 106,000 miles 
in the distance of the sun. And as the adopted value, 
8''.80, can hardly be in error by this amount, we know 
with certainty the distance of the sun to within one 
hundred thousand miles, or twenty-five radii of the 
earth. 

Size and Shape of the Sun. The apparent, or 
angular, diameter of the sun at distance unity is very 
close to 32', While adjusting and determining the 
constants of the heliometers which were used in ob- 
serving the transits of Venus in 1874 and 1882, the 
German observers made a great number of deter- 
minations of the sun*s diameter, obtaining in all some 
2692 separate measures. This great mass of data 
was most thoroughly discussed by Auwers, who 
reached the conclusion that the diameter of the sun is 
1919\26. A still later determination is that of 
Ambronn, who in 1905 published the results of a long 
series of heliometer measures made at Gottingen by 
Schur and himself. These observations extend over 
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■ period of twelve years, from IttOO to 1902. and un- 
doubtedly furnish the most aceiirutc nsiilts yet ob- 
tained, TIk: mt^nsiires nf Srhiir gnc IS^^O^.U, and 
ihose of Anilinitin Iin9''.80 us the apparent diameter 
of the sun, and these ri-sult^ may Uu uceepted as very 
rlfwe to the truth. 

Combining these measures with the distance of the 
sun UH ^iven in the la^t seetinn, the aetuni diameter of 
the HUh i^ found to Ijc 81ii,7^0 miles, or nearly one 
hundreil and nine tinieM thnt of the earth- In the 
chapter m\ the earth that b<«ly was represented for 
i 1 hi %t ration l>y an onlinary lihrar>' Klf*be, two fec-t in 
diaitiL'ttrr: tin this snnie nl'uIl' the sun woiihl lie R'pre> 
sentetl l»y a i^lohe two hundred «nt! ei^hlten <:Jl»/i) 
feet in diamrtcT and distant about four and one-hulf 
{i.'ii) mih-H, Thr miKin Mcnild U: a littlt- hall fiix 
and A half (iV3) ini'lit^s in ihiimi.'tt.'r and distant frnm 
tlic earth only one hundred und twenty (l-H) feet; 
that is, if tlir g]cii>c reprc*«ent[n^ the sun )r- hollowetl 
out, the Nystem, caiih anil nuMin, etniM Ik- plneefl 
within the Iiollow nou. tlic- earth at 1hi.< eeutre, an<l the 
moon in her orbit a1>out the earth would never he hut 
lillle more than half way out towanbi the %\irC% 
surface. 

The ffreat ijlobe, tlK sun. i*i almost exactly spheri- 
cal, the difference lietween tht- polar and mpiatorial 
diatneters [>eing so smidi as to I>e well-nigh imj>fMsihle 
of accurate measurcnient. From his discussion of 
the helinmcter measures. al>ove mentioned. Auwrrs 
concluded that the polar diameter cxeecd* tlio etjua- 
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torial by 0',088, and he explains this apparent 
anomaly as being due to the tendency on the part of 
an observer to measure vertical diameters greater 
than horizontal ones. This evidence is quoted by 
Newcomb as conclusive that the sun is sensibly a 
sphere. Ambronn, as a result of his elaborate and 
thorough discussion of the Gottingen measures, 
reaches the same conclusion. 

Certain evidence ( from solar photographs and 
from the heliomcter measures themselves) has been 
adduced by Poor, however, which seems to throw 
some doubt upon this conclusion. It is barely possi- 
ble that the diameters of the sun are variable to a 
minute extent. 






CIIAPTKE V 



THK HHYSICAI. LllAUACrHHIhTlCS Of THE SUN 

'X'lIK study of salar physk^s liegan witli lite iiivt'ii- 
^ ti(ni of tlic tolc'scope. In H>10 whun CJnlilr*) 
IKiinted liiJi crude inslriuiitnt toward the sun lie Uniud 
lis surfacT' c<iverfil witli ilark. irrfgular ^piitft. *Vhv 
vi upinionn concerning this discoverj* were many and 
S varied, it heiu^ diNrn.ss<*d fn^in all points of vievr, 
J* Tlir old ideas of tlie diviriene*is and tlie iKTfectnesa 
^ of llie hnivcns were rtvLvtfl in a new fumK the sun 
cotild not \h: <itherwi5c thun gierfei't and these spoti 
could not be due to actual sjx:ek^ end ^tuins on tlw 
bright solar clUe. Iiut niu?4t lie either nptieni illusions* 
or dark planets passing in front of its brilliant sur- 
face. Gradually. howLAc-r. it msh found that tlicsc 
spots really Wlongeil to the liitlirrto ininiaeulate sun. 
(<nlilen and hi-* followers thought them to be clouds 
lloatJTig near the sun's surface nnd ccjnecaling Uic 
brightncKK heton ; others Ibonghl them tci ite the wfl«»te 
mttcriaU from the jM>Iar furnwi-e, the burnt*aut cin- 
ders of nn immense fire. And just as a runioce fire 
hums iimrc brightly nflcr it hns bcrn niked, so thrsr 
student>> of Kolar physics imagined the smy to iAmrt 
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forth with renewed brilliancy after this cindery ref- 
use had been thrown off in the form of comets. Many 
years later, Lalande; the great French astronomer 
and mathematician, confidently upheld the opinion 
that these spots were caused by the uncovering of 
mountain peaks by the alternate ebbing and flowing 
of a great luminous ocean. 

These dark spots, that mar the bright surface, 
were found to be in motion; when watched from day 
to day were found to travel slowly across the lumin- 
nous disc. The early observers saw a spot appear on 
the eastern edge of the sun, move slowly toward the 
centre, cross the disc, and disappear at the western 
limb. Whether the spot passed through the centre, 
or along a shorter chord above or below the centre, 
the actual time of crossing the disc was always about 
the same number of days, and in this apparent mo- 
tion of the spots Galileo recognised an actual rota- 
tion of the sun about an axis in a period of about one 
month. 

The true form of these sun-spots was first clearly 
shown in 1774 by Wilson of Glasgow, when, by care- 
fully noting the apparent changes in form which they 
assume as they cross the disc, he proved them to be 
vast excavations in the sun's substance. This fact* 
that the spots are holloAvs or pits in the sun, he clearly 
established, but unfortunately he tried to form a the- 
ory from this one fact alone and was led astray- He 
thought the sun might consist of two kinds of mat- 
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tcr, the greater part licing a coo] dark »o1i(l, Uic 
runmtiuk-r u thin [X'cuii of luiititiuus fluid which com- 
pkrtcly enveloped the inner cool ^^lohc, Diaturh- 
anccH, or storms, caused hnks in this sular ocean and 
tlinni^li llirse n]>i-iiin^s llit rrid hodv of the sini was 
ocrusionuJly su^n. Starting with tliis itlca. Ilcrschel 
Sfjmc twenty years later daborated a theory of solar 
phym's nMvA rfuinrkahte for its fiuicifiihiesii and in- 
genuity, but totally wrung and absurdly iiii[H>ssibk'. 
To him the sun appeared to he a large, eminent, and 
" hii'id '^ plflUft; its true Mjrface was rr^^jl and dark 
like that or the etirth. diversified witli hills and val- 
leys and covered with rich vcgetution and "most 
prohnhly also inhuhited, like tin- rest nf the pUnetSt 
by beings whnse nr^an» are adapted tn the [Ktiiliar 
cireumstances of that vast (^lobe." This paradise 
was protected, according to this eminent astninomer, 
by heavy cnnnpies of clumls from the ifilnjcruhle 
ghire and heat of the upper liiniirious n^-^iou; while 
without the ^v\\\ wa^ ti raging funmcc, within there 
reigned a ]H.T|ntujtl summer and a mild ])lea_<iant 

hgH, 

Such a tijcory of tlic possible conditions prevailing 
on the ,Mni rjeedfi only be stated to have its wild im- 
possibility reognised- In utter pliy7«;ieal absurdity it 
rankle witli t)ie sp(.-eulations i\t the c»r)y [xxts and with 
the philasi^phcrs" stone of tiie Midille -Vgcs, The in- 
terinr of the sun uinst be at a temperature Mpinl In, 
if not far hotter than, the exterior. The sun is known 
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to be radiating a vast amount of heat; is considered 
to be a great globe of intensely hot gaseous matter, 
the interior being under enormous pressure and the 
whole at a temperature so mueh above that of any 
furnace or electric arc that no real conception of it 
can be formed. Various attempts have been made to 
estimate this temperature and to express it in ordi- 
nary degrees of the Fahrenheit thermometer. These 
estimates \'Qxy widely; Secchi originally thought the 
temperature must be at least 18,000,000°; Pouillet 
and others have placed it as low as 3,000*, The first 
estimate is undoubtedly absurdly high, and the sec- 
ond is now recognised as being much too low. The 
most recent estimates place the effective temperature 
of the sun*s radiating surface at about 10,000° 
Fahrenheit. 

This vast globe of gases and vapours is radiating 
heat into space, is cooling off. The intensely heated 
particles of the interior rise to the surface, give off 
their heat, and sink back again, just as do the bub- 
bles of steam in a kettle of bofhng water. This cir- 
culation from within outward takes place over the 
■whole of the sun and as a rule it proceeds 
steadily and quietly, without any marked disturb- 
ance. At times, however, this outward motion of 
the hotter particles takes the form of a sudden erup- 
tion. Somewhere near the scene of this eruption the 
photosphere settles down in consequence of the re- 
moval of the supporting matter, and the well or sink 
thus formed is filled by an inrush of the cooler materi- 
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alfi from above. The greater depth of the ctwiler 
vapours at this point cuuscs tlitf surfaci: to appear tnmi- 
parativcly dark nrul there thus ap]K:iii's a so-ealted 
Miri-<ipnt_ Hut thrse spiits arc nut really dark: Ihey 
are "x-lativL-Iy so ordy when compared with the stir- 
roiinding hri^hter surface. The darkest part nf the 
darkest sjHit. thai jwirt whieli appears intenstrly hiaek 
hi a drauin*^ or in a photograph, is in reality more 
brilliant than the electric art\ 

These s[Hi1s appi-^r sianttiinos singly, and some- 
times in groujj?*. In a typical sjxjt the central 
portion U very dark, even blaek na enmpnre<) 
^ith the Mirnmnding snrrace, and is ealk-d the 
umhra. Anunid Ibis i\ a lighter, irregulmly shaded 
fringe, called the ptMiunihra, The separation Jwtween 
umbra and ]x!nund>ra is shjirp and clear; there is no 
gradual fading and shaiting of one portion !nt(i the 
other, and Ihe line of ^lemnrkatiou hetwet-n the oiiler- 
mosE L-dgcN of the [lennnihra anfl tlu^ fttin's surface la 
just aa well defined. The ehametcrs of the surfaces 
seem nLdically diiri-renl; the iiTidira appears «mr>oth 
and velvety, the ]XMmmhra Khovvs nnnierous tilanients 
And shadings. TIh' ajipearance suggests a bole or 
excflvatinns, the iinihra being the bottom Jtnd tbe |M-n- 
umhra the sloping sides; or, as Voring expresses it, 
the pennmhrn filaments partly slmde the nnd»ra from 
view 'Mike bushes at tlie mouth of a cavern," 'Hie 
inner edge of the penimihra a]i|K*ars hrightcr tlwin 
the outer edge, but this effect nmy Ik* partinlly dne to 
contrast, the inner eilge appearing against the darker 
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umbra, while the outer edge is compared with the 
brilliant surface of the sun. Many spots are very 
irregular in shape, and often the penumbras of sev- 
eral spots coalesce, the umbras appearing in one im- 
mense irregular penumbra. At times, brilliant 
bridges appear, stretching from the outside brilliant 
surface, across the penumbra and extending into, or 
over, the darkest portions of the umbra. 

These phenomena are very transient, spots and 
groups of spots appearing and disappearing some- 
times with great rapidity. The average duration of 
a spot is, however, two or three months; that is, it 
may be seen and recognised during two or three tran- 
sits across the sun's disc. Spots have been kno^\^l, 
however, to last as long as eighteen months. In the 
growth and development of a spot, the umbra usually 
becomes fully developed before the penumbra ap- 
pears, the spot attaining its full development very 
rapidly- After remaining quiescent for a longer or 
shorter inter\'al the spot breaks up into fragments 
and these fragments separate and become minute 
spots. The final extinction of a spot is usually rapid, 
or, as Secchi expresses it, the surrounding matter 
seems '* to fall pell-mell into the cavity " completely 
filling it. Occasionally the penumbra of a spot 
shows distinct signs of circular, or cyclonic, motion. 
The filaments show the characteristic spiral of the 
cyclone, and the whole spot turns slowly around. 
This rotarj' motion is the exception, however, rather 
than the rule. 
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Id size these sun-spots are very large as eompared 
ft-ith llic dinicn>ioiif* tiT any Icrnstrial nhjccts. The 
\ery small *4]M)1s range from 3(KI to 1000 niiltfs In 
diameter; not unfrequently a spot measures 2(l«ooo 
niile-s in diariictrr and anrrs an area many times 
grcnItT UmJi the entire surfact of llie earth- The 
largest spot yet photographed at the Royal Observa- 
tor)', G^e^nv^■ich, was visihle dunn>; January, IVbru- 
ary, mid Mareh, 11)05. It \\}k^ first seen mi Juniiary 
7tli, and was nhserved during three rfitaticxi*. ijf the 
stJi). It reaehed its greatest development during the 
second periotl of visihility* and on Mareh 2 cov- 
ered 3fl39 millioiitiis of the sun's visible hemisphere; 
that is. its area was nearly forty (in) times that of the 
entire snrfaec of the earth. At this time the umbra 
was small in compjirtson to the whole spot, covering 
about one sixth of the total arm. The nmbra was 
croFuerl by several bright bridges and numerous smtiU 
seeoTiiiary untbras were .seattereil throughout the 
spot. The rotation of the Min eiirrieil the spotj 
out of sight on Fehuan' 1 1th, and it was not seenj 
Again until it ap{>cjircd at the east limb on February 
25lh. Hy this time it was broken njj irilo a long nar- 
row group or stream. The ]>rineipnl s[N>t was now 
quite irregular, was prtvcded hy a rmmlwr of ^mall 
fainl spots, and was followed by t**o or thrte round 
well-defined ones. 

These spots are surfaet* phenomena and arc c*)n* 
fhied to cTrtain well-determined Vpones of Ihc sun's 
surface- That they arc cavities has liecn ijuitr con- 
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clusively proved, but whether the floor of the cavity is 
depressed below the average level of the solar surface 
is an open question. Certain observations seem to 
show that in the neighbourhood of a spot the whole 
surface is raised and the spot is a depression in this 
elevated portion, like a crater on the top of a low 
gradually sloping mountain. However this may be, 
the depth at which the umbra is depressed below the 
immediate surroundings is usually not more than 
1000 miles, and it seldom or never exceeds 3000 miles- 
In relative thickness this layer of the sun, which can 
be examined and studied, may be compared to that of 
the velvety down on the surface of a ripe peach. The 
greatest number of spots is found in latitudes 10* 
to 20"" north or south; a few are found nearer the 
equator than 5*; practically none have ever been ob- 
ser\"ed beyonti 45* of latitude, either north or south. 
Thus the spots are lin»ited to comparatively narrow 
belts on each side of the equator. 

Yet one more fact regarding the sun-spots is verj' 
important; they are periodic. Early observers had 
noted that the number of spots on the visible surfsce 
of the sun varied. But in 1851 Schwabe showed that 
the number of spots followed a regular law of increase 
and diminution, with a period of about ten or eleven 
years. This periodicity has been firmly established 
by later observations, and by a dicussion of all avail- 
able data from the time Gahleo first saw the sun- 
spots in ICIO, During a minimum practically no 
spots are visible, days and weeks often passing with- 
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out a sinj^lc sput itiarniig the Iirilliinit Milnr siirrnce. 
On the t>lh(.-r IiiukI, ut tinier of insLXJiinim the certain 
|jortioM?f uf lilt surface arc conslaiitly covered with 
large mill .sniiill Rpots. hardly n day jmssing without 
iic\t'ral Ihim)^ viNihle. The lrt**t f>bsLTVe<l nuniniuin was 
in lOUl/^vheiL llie wilar uetivily was le*is limn lei any 
year since 187B, On 2W days during the year the 
sun's dise was t>crfeL*lIy frei^ fnim sjwjIs and the spots 
and gnjups wliieh were seen during the remainifig (i8 
days were mostly *imall aiui insignltieant- From July 
2oth to Oetolier tsth, a jxriod nf 7i t(>tiMTuli\e davH, 
not a spot ap{>earL'<h The iifcaii <]aily siH>tted area 
was not more than twenty-four CJi) niillioiiths of the 
sun's ^nsihle henus]»liere. From this lime f>n the vilar ^ 
activity grew in intensity, the iHTiinilnge "f (lays 
without spots failing from the 81 per cent, of HH*I 
to 72 per cent, in \\W2, arul to 20 per cent, in 1903, 
In thij* latter y4.-;ir mily 7- days were free frnui s[K>tSt 
while on *IUll days the Hiin's siirfa<.-e was K|>otted; thua 
Ifioa almost exactly reversed the n^etird of 1001. Still 
further, the early part of the year was cmniKirativcly 
free fn»m s|m>1>i, whilr from Oetoher 1st to l)eeeiiil»er 
24tli tliere was a period of unbroken aetiiily- Dur- 
ing the next yean IIK>1. there was a slow Nteaily in- 
crrn.'fte in the nunjlM.T and size of spots; there were no 
days on whieh the sun was frttr fn^ni spot* and the 
mean <lailY spotter! ana was about 47() niillionthri of 
the nsihle henii.-4phe-itr, nr Honie twenty (2^) times 
Ahat of 1001, the niiiMnunn year In tOO^, rnonnous 
groups apiK'ored- Several of the single sjiots were 
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SO large as to be easily visible to the naked eye. The 
great spot of February has already been mentioned ; 
other great spots appeared during the summer 
months, and still others in October and November. 
In this latter month the groups were so large and 
numerous that they formed two great belts across the 
sun, one on each side of the equator. The mean daily 
total spotted area was about 900 millionths of the 
visible hemisphere. The maximum was reached in 
1906, after which the solar activity dechned and the 
fall toward a minimum is now (1907) well under way. 
There have been many attempts to explain this 
periodicity. The average length of the sun-spot 
cycle is according to the latest researches 11.1 years. 
The period of Jupiter in its orbit is 11.86 years. 
These two periods are, therefore, somewhat alike and 
serious efforts have been made to show some connec- 
tion between tlie two. The genefal idea in all these 
theories is that the attraction of tlie planet causes a 
'* tide '' on the solar surface somewhat similar to the 
ocean tides of the earth. The size of these solar tides 
varies with the position of the planet in its orbit and 
they are, therefore, periodic. While these tides are 
not large enough to be the direct cause of the sun- 
spots, it is supposed that in some way they release tlie 
activities of the sun, hke a fall of a gun-hammer, 
which releases the stored-up energy in a charge of 
powder. The most elaborate of these attempts to 
find a gravitational cause for the sun-spot cycle was 
that of E, W. Brown, only recently published. He 
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inoliiilffl tile BClinti 'Iiie to Saturn aiul foiitu] the com- 
bined tidal tll'cTt of JitpitL<r an<l Sutuni, witli nijiior 
ntodiHratiuns iluc tu the iimor plutu-t^i, Tlii^ curve 
rc|>rfKciitiiij{ llie resiillarjt oT llicsc lidftl cffcx'ts soiiio 
uliat rfst'inbks tin.' utirvf or suii-s|>ot frefiuciKT* In 
the- luaiii tliL' (latL-N of nmxiiua and niiiiiina \\\ the two 
C'un<^.*i L'liiiicide, i>iit tint Jti nil t<ase>4. In several in- 
stiiiKt^s periijfis 4>f >freat •M)lar activity were foiinrl 
where Bn)wri'$ theoretical curve iutiicatc^ u inininiiiuu 

Oil the whoh* these efforts tu show a eonuection l>c- 
t«<i'ii llic sohir activity hiuI the |>c>s]1]ons nf Ihe plan- 
vt«i have failed. The tidal elVect of Jupiter u|H>ri the 
fiun is practically insi^mfirant, lacing Wah thau one 
ftve-huiidredth of that of the sun upon the earth. 
That is, if the sun were a solid IwMly like the earth and 
surniiiiidctl hy on ocean, the tide pro<hiced hy Jupiter 
in tliat ocean uould ))c tcw< than one tweuMcth (^) 
of an iuelu It wouhl sei.-ni tn<Tedihle that niiuute vari- 
utjons in a title nf this size eimld Jii uny way affect or 
canw Mieh trcnicndini^ plunonicfiA as Uic Hun-Npot», 

The cau<<e nf the $un>s]Mkt periiMl fihonid un- 
douhtedly he loi>ked for in the sun itself. It J»i proba- 
My a natural perifKj, due It) the physical condition of 
the SLUi, US a nitjiting, i^)olin^ mass of gns, and \ny&- 
f^bly connected with the ffcneral crrculiLtinn of, or 
convection currents iii, the outer atmosphere of' the 
ann. "Old Faithful/' a gcy-^cr in Vello\i?(tone Park, 
day after duy, winter and summer, thnms a jttrcnui 
of Ikoilin^ water anme two hnnflretl feet into tlie air 
at rcpilar intervals of sixty-five mimitca. This 
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periodic activity is explained by the presence of pe- 
culiarly-shaped caverns and ravines in the rock forma- 
tion and the action of internal vok-anic heat, Xo 
one has ever thought of connecting this period with 
the varying positions of the moon^ or planets. 

Instead of the planets causing the sun-spots, these 
spots have a direct influence upon tlie nearer planets. 
It has been clearly demonstrated that the spots have 
a direct connection with various magnetic and electric 
phenomena on the earth. When spots are numer- 
ous on the sun, magnetic disturbances and auroras 
are numerous on the earth; when spots are scarce, 
auroras are few and the earth's magnetism quiescent- 
Remarkable coincidences have been observed; violent 
storms have been seen in sun-spots, and at tjie same 
instant magnetic instruments have recorded marked 
disturbar!ces» In the accompanying figure the upper 
cur\'e is the sun-spot curve, and shows the proportion- 
ate area of the visible hemisphere covered by spots. 
The lower curve shows the diurnal range of the mag- 
netic needle. The correspondence between these two 
cur\'es is so marked that it is impossible to doubt a 
connection between the two phenomena rep resent cd> 
The fact of this connection is known, but the nature 
of and reason for the connection have not been 
explained. 

The sun-spots may have some effect upon the 
meteorology of the earth, upon the weatiier; but, if 
such an effect exists, it has not yet been demonstrated 
beyond all doubt. Many years ago Could claimed 
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that the records made in the Argentine RcpuMic 
showed a connct^-tion t>€t^coTk the wind oirrents mid 
tlif Mun-sjJot fm[iirMty. lii^elnw,' of tlit- WcuHht 
liurt'au, ha^ invL'-sti^itted this suhjix.'t in a most curc?- 
fid and |iiiiiistaking nmriner unr] hjis rvut'hid IIk^^ i-on- 
c'liiMun llmt sikIi n rnnrKrtinn <If>es t-xist, that the 
avcrn^' teiii|H.-ralnre and rainfall dejiend upon the 
relative fretiuencj* and aizc of tht siin-^pots. 



I 




About tlw middle of the liLst wmjIuf)' Carrington 
deduced, frnm a toTi^ .scries of si]n*H|uit itMrr^'ations, 
the fat't Uml the sun d(x-v not rotate \\s 11 ivhole. 
Spots near the efjuntor e<JinpIoto an eiilirc revolution 

'Af^nfAfv nVarAfr A«v»#ir, IPCS, 1904. 
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in a much shorter period of time than do spots in high 
latitudes. This equatorial acceleration is somewhat 
more than two and a half days; a spot on the equator 
requiring not quite twenty-five days to complete a 
single circuit, while a spot in latitude 45" requires 
twenty-seven and one-half days. The earth's equator 
passes through South America a few miles to the north 
of the city of Quito, and New York city is in latitude 
42", If now the earth rotated as does the sun, then a 
day in Quito would be twenty-four and a day in New 
York twenty-seven hours long. Quito and the north- 
ern portions of South America, which are now di- 
rectly south of New York, would each day slip along 
the earth's surface towards the east. After the lapse 
of a few days South America would displace Africa, 
and Borneo and Sumatra Mould lie <lirectly south of 
New York. Again before a week had passed equa- 
torial Africa would be found where now is South 
America. Such a rotation as this is an utter impos- 
sibility for a rigid, solid body, and the fact that the 
sun rotates in this peculiar manner is proof sufficient 
that it must be gaseous or liquid; that portion which 
is visible certainly cannot be solid. 

This peculiar surface movement has been confirmed 
by many observations upon sun-spots and faculffi. 
The spectroscope has been utilised and Duner has 
shown that the layer of the sun in which the Fraun- 
hofer lines originate participates in -this movement. 
His observations extend from the equator to within 
15° of the poles, at which point the rotation period 
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wua foLJiid to be 30,5 (iay?*, For tht- e<|iiatonuI [K-riod 
l]<r ftuiiul '2.>.5 dnys, nhnut half u <Iuy Ioiijj^t than Uic 
best dcU'miiriations from sjnjI ohKLTvatinrm. Thiis 
riilTcrent p(irtton,s (jf the sun s surface rutati' at difft-i- 
c^nt !vjx:-cds; but this \s nnt all: CL-rtuiii ob^enations 
iicem lo indicste the existence of rcj^ilar currents to 
anil from the e(|iiutor. The rcnl niotionn of the- various 
parts of the solar snrfuee are cxtrtJiicly complicated. 
Perhaiis this surface driTt might he likened in n 
limited NcnNu to the eircojfltioii of, and eonvection 
currents in, the earth's atmosphere. The heated air 
at the eartli's ef[tiat(>r rises aod in tlie tipper stmta 
flnw« nnrlh and snujh toward the |>oh.'s. Arriving at 
the cooler regions, this air is e<K»led, fjills, arul near the 
surface Jiuwx back tiMvard the ef]uati)r, displacing the 
heated air in the torri<I regions. This eimdatinn 
combiner! with th<' rotation of the earth ^ives rise to 
Ibe "trade winds'* unU the e<|iiati>rial cabn.s. The 
phcnonicoa of the solar drift, the fiun-spots and their 
periodicity, are all pr^hably tv>nnoeted with tlw t*(>o!- 
ing and einulation in the outer strata of the siul 

These problems are problems of pbysies, of the 
mechanic's of a cooling ma.ss of gas, MathematicHl 
invcrstJKations {mint toward an ultimate solution along 
tliese tines. The cause of the sun-spnt [JcrimI will 
inidniihtetlly he foTind in the phy^^ienl etnulitionfi of 
the ^un itself and not in the action of any extraueoua 
bodies. 

Wlien llie visible surface, or phntonphtrt, of the 
sun is more closely examined with the telescope it is 
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found to be unevenly luminous; there appear to be 
bright flakes scattered over a darker surface. These 
bright patches are five or six hundred miles long and 
are variously shaped; near a sun-spot they are drawn 
out and are much longer than they are wide. Na- 
smyth called them '' willow leaves," others *' rice 
grains," or '' dots," and Langley likened their api>ear- 
ance to *' snowilakes on a grey clotli." These bright 
flakes, or facul^ as they are now called, are scattered 
irregularly over the entire surface, being especially 
abundant in the vicinity of spots, and it has been cal- 
culated that if tlie entire surface of the sun were as 
brilliant as these facuiie then the brillianc}^ of that 
oib would be increased tenfold. These facula? are 
elevated above the darker portion of the surface; often 
they appear as projecting beyond the edge of the 
solar disc. Until recently they were thought to be 
tlie upper termination of up-rushing currents, while 
the darker " pores " were thought to mark the posi- 
tions of the cooler descending currents. 

Closely connected, if not identical, with these faculw 
are the prominences. They were first noticed and 
studied <luring the brief moments of a total solar 
eclipse. When the moon cuts off the last ray of direct 
sunlight, then instantaneously appears around the 
black disc of our satellite a brilliant, white, flickering 
halo. Many ancient records of this " corona " are 
to be found, but the importance of its careful study 
was not recognised until 1842. The eclipse of that 
year was total over the southern part of Kurope and 
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all llic iiiitcd nstroiumiers hasiciu-d to ihv Tavoured 
region, TlR-ir t^xpct^tiitions were far outdone Jjy the 
wonderful !*]jccUcIc dLM.'lo?ic'd; tmt only did the mys- 
tcrinus; corona Liluy.c Trirtli viitli nil its liHlliaiK'v, \m\ 
close lo the (Mige of the nionn a[)i>oared three Inrfj^e 
|ironHnenee«i (if a bright red or purple colour. These 
eloud-like pillars uf Dame wei^ at least 50,0(>0 iiiilc5 
hi^li and they were desierilied hy Ara^o as " mount- 
ains on lilt pckint of erunihlinjj into ruins," Great 
crowds nf people were ^athert.-<l alioul the a'ilrono- 
iners and when the brilliant ■^[leeTaele IiiirKt inlo view 
lliey raised the erv' "" I-on^ live the JutrononKTs! " 
To none, however, was the rip]>earnnee of these red 
flames niorc of a surprise than to the astronomers 
themselves. For nearly thirty years ihen-ufUT tlw 
proniinenees eouhl only l>e seen duriii^v the short 
niotnent>4 of a sitlnr eclipse. In IHOK .lansst-n and 
l-iieky*r, iiide|K*ialently, discovered (he spcct rfi\eopic 
meth'xl of studying these phenomena anil ojH'ned a 
new and most fmitful fiehl uf solar research. 

If it were not for the eaiths atmosphere the 
prominences and ei>rnna euuld he si^-n at all tiiiicK. 
The atmosphere refliits and scatters the direct light 
of the Min in all ilirectioris, and this reflecterl light la 
more iTitenve than the dirert light from the pn>mi* 
nctic*cs. The direi't light fruni the »iiin can he wreciied 
off, hut this relieved light cannot Iw cut out hy ony 
ordinriry nieehanieal niean». If. however, a s|k"C- 
troseope be [lointi^ at a pmminenee on the edge of 
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the sun, the slit will cut off all the direct light from 
the brilliant solar surface and the instrument will give 
two superimposed spectra; one that of the promi- 
nence, the other that of sunlight reflected from the at- 
mosphere. The first of these consists of three bright 
images of the prominence, for a prominence gives out 
light of three definite wave-lengths only, the second 
of a long band of coloured light broken by dark lines. 
By an increase in the number of prisms in the spec- 
troscope tlie second spectrum, that of the atmosphere, 
is spread out into a hunger and longer band of light, 
each portion of which becomes fainter and fainter as 
the power of the instrument increases. On the other 
hand this increase has no eifect upon the brightness 
of the first spectrum; the thin bright images of the 
prominence remain of the same size and brightness as 
at first; they are merely pushed farther apart Thus 
the ilhimination of the background against which the 
prominence appears can be diminished until the 
prominence comes into distinct view, any one of the 
three images being used. This visual method of Jans- 
sen and Ijockj'er has been greatly improved by the 
application of photography. As early as 1870 
Young succeeded in obtaining with the old wet-plate 
process a successful photograph of a solar promi- 
nence, using the hydrogen line. Hale in 1890 by add- 
ing a second sht in front of the photographic plate 
developed and perfected an instrument, the spectro- 
heliograph, by means of which the prominences can 
now be photographed at any time, and a composite 
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photograph of the prominences, facula-, and entire 
siilar siirfare huilt up. 
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These pmniinences arc projwttnns fnini a I«ypr 
of pcrnmn<.*nl K^^ses surroundiii>f the photosphere- 
Anidng these gases hydrogen is the moat eonsptcu- 
ous and it given tn the proniineiu-eH their hnlliant red 
colour, and to the layer nf gasei; its name, chromo^ 
sphere^ Tlie average deptli of this layer is from 
5»(MK) to 0,000 nhlcs. Kroni it the proiniiKJK^cs arm-, 
reaching an averagt- lirlglit nf Kotne 30,000 miles, and 
occasionally attaining the immense altitude oT 150»- 
000 niilc9. On (MoJh.t T. IK80, Young nieasiirwl a 
prouLiienee and found it to extend B50,000 mdea 
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beyond the edge of the sun. These protuberances not 
only differ in size, but also in character. Some float 
quietly above the chromosphere, resembling great 
clouds and remaining unchanged for days. These 
are the '' q uiescen t " prominences. They are found on 
all parts of the sun and often attain great size, but 
never a great altitude. Like tlie clouds in the earth's 
atmosphere, these hydrogen clouds assume all sorts 
of fantastic shapes, but, unlike atmospheric clouds, 
they are usually joined to the chromosphere by long 
slender filaments. 

Sharply distinguished from these cloudlike forms 
are the '* eruptive," or, as Secchi calls them, the " me- 
tallic " prominences. These undergo rapid changes in 
shape and size, and appear as though caused by violent 
upheavals or eruptions. The great prominence ob- 
served by Young and mentioned above was of this 
class. When first seen at 10.30 A.ii. it was about 
40,000 miles high and of ordinary appearance. Half 
an hour later it had doubled its height, and by 12 
o'clock it had reached its greatest development. By 
12.30 it had crumbled away and disappeared. Dur- 
ing the hour of most rapid change, this prominence 
shot upward with a speed of 75 miles a second. Great 
as this speed may appear, prominences have been ob- 
sened in \^'hich velocities of 250 miles a second have 
been found. Velocities of 100 miles a second are by 
no means uncommon. The prominences, themselves, 
take on all sorts of fantastic shapes, appearing at 
times hke writhing flames, at others like the coloured 
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jcta of an cledric founUiin. Tlicy generally last 
l»iit u \%i\s nii>i]ient!i, half m\ hour often eiiihrnring 
Ihc entire i>erirxl of Uiejr development ami final 
disappL-arHTice. 

The ?ijH.ctnwiopc imlieates tliat these eruptive 
proniiiiencr« enntairi many of the elements foiimt in 
tlie sun ilselTi the lines of sodium, inm, and euleium. 
iK'.MiIes those "f the ever-present liydn>>^'n have been 
fre*iucntly (>h^erve<h Mo>t uf ihese clL-ments, how- 
ever, are confined to the Imse of the ertiption. the ex- 
treme upjKT jmrtiona bein^ e()ni|K>sed merely of 
hvdni^xtn* They ap|>ear to I>c intinrntely tx>nnected 
uith the fiirninlinik nf spots, usnally ap[>eurLn^ in 
those iKjrtions (jf the snn where s|>ols are tu be found, 
and rarely occurring in any otlier region. 

Far (JUt heyund the reginn of tlie faeuliP and 
prominenet^s strelehe'* the eriveli)[>in^ rnrona. This 
hulo, seen only at total Molar t^^-hpses, has been 
knouTi for eenhjriea: and yet to-ilay its real constitu- 
tion ifl nearly as iniknnwn iind niVHterioiis as it was at 
the lime Plulardi deserilad ils l>eanty. In ^jeneral 
it appears as a hrillinnt white nval snrronndinif the 
hiaek dise of the miwin: the lon^ axis c»f the nval l>eing 
marly parallel to tlie son's equator. It is made up 
of strcnnici*s an<] rayj*» 'la/zlin^'ly bright near the edge 
of the di:^\ afid fading ^raihinlty away until they Ik- 
come im[x.'rrei>tible. So faint and tndi%tifiet are tlie 
outer portions of the coronn tliat it is impo-ssible to 
draw any definite outline, lin rharaeter is Mieli timt 
its apjiearance depevids In a great extent upi>n tlir 
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condition of the atmosphere, a slight haze rendering 
the outer portions invisible. As a rule, however, thei 
streamers can be traced to a distance equal to the 
Huu*s radiuji, and uccasioiially they have been ob- 
served to extend for live or sL\ degrees from the sun'a 
edge, a distance of several millions of miles. 

The equatorial streamers are usually long broad 
bands of Hght, somewhat curved in toward the plane 
of the equator. The polar rays, on the other band* 
are more frequently short and narrow, and bend away 
from the axis. Plate 4 is from a photograph taken 
by Campbell and Perrine in the eelipse of 190o and is 
one of the beat representations of the corona yet 
obtained. 

Many attempts have been made to photograph the 
corona independently of an cchpse, hut so far all such 
attempts have resulted in failure. The most elabo- 
rate of the&;e attempts were thuse of Huggins in Eng- 
land and of Hale in this country. Huggins tried the 
direct photographic methotl, using a reflecting tele- 
scojje and cutting off the direct light of the sun with a 
screen. For some time it appeared as if this process 
might be successful. JIany plates were obtained 
which had halos resembling the corona. But after 
careful investigation these proved to he due to irradia- 
tion, and to '* ghosts"; to optical and photographic 
defects* Hale tried a spcctrographic method, some- 
what similar to that so successfully tried on the 
prominences and faculs?. Although in order to se- 
cure clear atmosphere he carried his apparatus to 
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Vjke's IVak «tk1 to Mount ^tna, yet this most 
pn)ini<iiii;{ iiK-tluHl Hnkd tt? i^ive any definite results. 
Thus tlif study of ihc corona is limited to tJif Tew 
lirief uiomcTits of total sninr ei'lipi^es^ to some five or 
six minutes every few years. For this purixiw ex- 
peditions nre fitted out and .sent to tlie ninst favour- 
able locations; and tlje astio-jihysirist utilises e\er)* 
moment of totality in obtaining photographs and 
spectrograph* for measurement atul study. The lust 
fftvournhlr ixUpsc tx-curred on Au^unt 30, VM.\T\ »nd 
was widely ohstrveii. The next eclipse which eaii Ire 
utilised will occur on Octol>er 10, 1012, and ^ril] l« 
ohMrvnlile in South Amerira. 

The mrona is made up of an intricate system nf 
rays and streamers. The polar rays are short and 
curvcil and somenhat resemble the representations uf 
lines cif force in u nmrtuetir field. The slrt-ameni 
stretch out to far ^freater distances ami are generally 
connected with those re^^ons of the sun in which ac- 
tive prominences occur- Thc«r streamers are nflcn 
cun'ed and interlaced, and their fnmis differ radically 
at difTerent eclipses. The form of tlie corona seems 
to undergo |K'ri(xlie clian^es, and tliese changes ap- 
peiir to be eoimeeted with the general eleven-year 
cj'cic of solar activity. 

The si)eclrnM*o|>e shows that the light of tlie corona 
ia }wrtly reflirted sunlighl and partly nali\r liglit, 

Ldue to tlie presence of ineandcfKTnt gases> The 
corona probnhly consists of niinntc solid, lirpiid, and 
gaseous particles; malter ejected fn>m the sun. 
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meteoric matter, and minute dust-like planets. 
Whatever the exact condition of this matter, it is ex- 
ceedingly rare, for several comets ha^e passed di- 
rectly through it without suffering the slightest 
changes in their motions* Arrhenius has computed 
that the amount of matter in the corona is equivalent 
to a single dust particle in every fourteen cubic yards. 

The application of the spectroscope to the study of 
eclipses of the sun has been made notable by a long 
and interesting series of discoveries. The first 
eclipse at which the spectroscope was used was that 
of 1868 observed by Janssen in India, when it was 
seen that the spectrum of the prominences was a 
series of bright lines, thereby proclaiming with no 
uncertain note that these red flames consisted of burn- 
ing hydrogen gas. So brilliant were the spectral 
lines that Janssen looked for them the next day, when 
there was no eclipse, and found them readily enough. 

At the eclipse of the next year, 1809, the spectro- 
scope revealed a prominent bright line in the yellow 
near the two D lines of sodium. P>om the position 
in the spectrum the line was given the name D^* and 
as no known earthly element produced this line, it 
was called a helium line. Not until 18D5 did the great 
English chemist Ramsay find helium present in 
small quantities in the mineral cleveitc. 

Before the eclipse of the next year, 1870, Young 
foretold a startling phenomenon that might be seen 
in a spectroscope if one looked closely for it. If the 
sun were a brilliant orb of fire without any cooler 
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^a^es arntinil it, its spectrum would be a band of 
cckloured light urLbniki*n in' any dark lines- IIow- 
CT'er, nhen IJit? li^ht of the sun passe?! through the en- 
vclojie (if ronIt»r vnjiniirs (hat Mirn»imd it, certaiit< 
wavtr-s arc iiliNf»H>e*i and the sim's lipht reaches the 
earth ininun the rays or eolonrs ahsoriwd. This thin 
fttraluni of ^asrs which pmdur*rs t!ie HbhorptiiHi caus- 
ing the d»rk Fraiifihnfer lines has been called by 
Voiin^ the " reversiiifir layer." jVIthrai^h cool in 
contract to Uic sin\ \iscU, ncvert lit' less the ga^scM in it 
are *t a very hi^h temperature- At the infitant that 
the flun's Mirfncc \n entirely covered up by the n:oon 
at the lime of a total eetipse, the reversing layer 
makes itM'lf visible in the s|x_-etroscrj|»e. The speetniiii 
of the hot ffases consists of a series of brij^ht lineFi. 
At the eclipse of 1H70 Yoiinjf saw the whole solar 
ipectnuii vi'Jtb it.s thousands of dark lines changed in 
the twinkling of an eye to a spet^tnim of bright lines. 
The change was sfi stiddeii and m) remarkable that 
the ntw bright-line spectnini was colled the "flash 
KI>«'tnini.'* This was [ihotiigraphn) for the first time 
at the eeli]»st! of IHW by Shaekletnn. Since then 
there have been the eclipses of IHim. IIMMI, 1001. and 
1905, And at each snccccthng irtipse advaneea were 
made and belter pliotographs ohtaiTied. The most 
aucccssrul photograph'* are tlKwe of Mitchell taken in 
Spaiiu August ao. !Mj, These phutogniphs, ob- 
tained with a grating ndcfl on n parabolic surface, 
are of exquisite definition and contain about five 
thousand lines between '^37)00 in the ultra-violet and 





laa 



TIfE SOLAR SYSTEM 



^ 



J- •B 








PHYSICAL CHARACTERISTICS OF THE SUN 113 



the C line at the red end of the flpectnim. These 
photographs M'ill settle many interesting problems 
regarding the gases which are found in the chromo- 
sphere and the heights to which these gases extend 
ahove the sun's surface. 



CHAPTER VI 

THE sun's light AND HEAT 

A LL questions concerning the light and heat of 
^^ the sun have an intense interest, for upon the 
steady and regular maintenance of the amount of 
heat received by the earth depends the very existence 
of life upon our planet. Any large variation in the 
amount of solar heat received would totally destroy 
the world as it is to-day, would make it an uninhab- 
itable furnace or a frozen waste of icebergs. Im- 
portant and far-reaching as investigations upon such 
matters may be, yet it is only within comparatively 
recent years that they have been recognised as form- 
ing a great branch of astronomy, A hundred years 
ago so little was known about heat and its properties 
that the elder Herschel could advance his fanciful 
and utterly impossible theory of a habitable sun. 

Light and heat are but different manifestations of 
the same kind of energy. Originating in the mo- 
lecular velocity of a substance, this radiant energy is 
distributed throughout space in the form of wa^es, or 
pidses, which travel, through the ether, with a velocity 
of 186,000 miles per second. Just as the waves of 
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the ocean vary in size and leii^h, so vary these light 
and halt vvavtv*. A lighl simuiicr sitphyr ruffles the 
wriMrs surfiii'L' Willi ri)»p[trs Imu or Ihrtt inches high 
and hut n R-w iiidu->; apart; a hea^y and long con- 
tinual ^ule causes immense nillers, which extend 
from huri/xjn hi hcirl^ton nnd are luinilrL-[ls of yards 
from [-'rest to orcst. \^'hiI^.■ the fwean waves are thus 
uica*iured by feet, and ljy yards, the rcgulur rhylljiuic 
pul&es of radiant energj' are nieasureil liy uiiuute frac- 
tiuns of an inch, Ttie Inngest recognisahle heat wave, 
when itR-asured from crest to erest, is l»ut n,0-H milli- 
meter, about one one-thousandth of an inch long, 
Iblure th/ifi one hundred tliousand of the shorter xi'aveH 
could he crowded into a suigle inch. A special unit, 
the micron, is used to nie^isiire the leujiTth of the wavc-i. 
This is the one thousjindth part of a niiltinKter. which 
t^orresjwjnds to, apjiroxinmtely, one twenty-five llwu- 
sandth of nn inch. The radiant eiierff^' emitte^l by 
on tncandescxnt body like the sun is comimsed of an 
intinite nnniher of waves, pilt-d ntiL' on lop of the 
othtT. unfi vuryiuK >" length fnmi a small fraction of 
a micron to several microns, Tl)c ver>' ?»hort waves 
are invisible and make tlieir presence known by the 
chemical action Ihcy ei;ert upon the ]»hotographic 
plate. These are known ivi the ultra-violet wavt^- 
The portions of these waves which affect the optic 
nerves and convey to our brains the sensation of 
" light " are the speetnnn colours viiOet, indigo, blue, 
green, yellow, orange, and nd. The length of these 
wave<4 fmm cr»t to crest ranges from 0.4 to 0,7 of s 
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micron. The waves whose length exceeds this latter 
limit are invisible and are known as the invisible heat 
or infra-red rays. The waves producing light are so 
tiny and proceed with such rapidity that moving along 
on a sunbeam 3,000,000,000,000,000 or 8x10^'^ waves 
of yeUow light enter the eye in a single second of time. 
Thus only a very small part of the total radiant en- 
ergy of a body produces the sensation of light, but all 
the rays may be made effectfve as heat; when ab- 
sorbed by a body they all "' ' in raising its tempera- 
ture. In other words, all rays are heat rays, but only 
a very few of the heat waves produce light. 

Measurements of the quantity and intensity of the 
Ught emitted by the sun, therefore, will give a very 
imperfect idea of the vast energy given out by that 
body- While such measurements are of no vital im- 
portance, yet they are interesting and enable one to 
form a rough idea as to the intensity of the solar radi- 
ations. In comparing artificial lights it is usual to 
use as a standard a specially made pure sperm candle 
that weighs one sixth of a pound and bums 120 grains 
an hour. An ordinary gas burner gives a light equal 
to some ten or twelve such candles; an incandescent 
electric light is equivalent to sixteen standard candles 
and is ordinarily spoken of as a light of *' sixteen 
candle power/' There are a number of ways of com- 
paring the intensity of two lights, one way being to 
place the two lights at the opposite ends of a long 
table, or *' optical bench,'' and then to find the point 
between them that is equally illuminated by both. If 
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this point be exactly Iiaif way l>etw-etn the two lights, 
tlicy art- tf|iiiil; if iitraier one. Hifii thf oppnsitt light 
\% the stronger. If the point of equal illuminution 
be one yard from Uie fir*t li^ht and two yards from 
(he S4frnnd, thi*n this Inttt-r li^lit will he fniir times as 
[Miwerful as the first, for li^ht decreases with the 
w]unre of the distance. Now the quantity of hght 
which we receive from the sun c«n lie nmipared to 
the standard candle, and thi?( (piaiitity is found to 
\%Ty vcr>' nuich Milh the position of the sun in the 
heavens. \\'hcn the ^\ii\ \s near the horiTion much 
lesv light is reL*eiveiI than at niMiiitinie. The atnKH- 
|>hcre of the earth absorhs the light. At morning 
and evening the rays pass diagonally through the at- 
nin?fphere, thus parsing through a niiieh thicker atnioft- 
pheric blanket than ihey do at noon, and are to a 
greater extent ahwjrbed. Xow when the sun is in the 
zenith, and the rays pas«i j>erpemiieii!arly through the 
atmosphere, it is found th«t the sun's light is equiva- 
lent to that of sixty thousand (iiO,Oi)n) candles at a 
distance nf one yanl. When allowance is made for 
the atmospheric ah^iorptinn this figiire is inerea«ied to 
nearly 7^'>.4>0O. Hut the sun is UU.OOO million yards 
distant, and hence tlii^ cflndle-jwwcr of the sun is 
(75,0001 X (HU.OOn}' X (1,000.000)% a numI>crso 
large as lo he tittcrly incomprehcnsihle. 

Not only is Ihc tcital eJin<Uc i»owcr nf the sun so 
immeiwe. hut s<^ also is the intensity of iLs light. The 
total fiurface of the %v\\\ is appnjximately 4 *■ X 
(1700)* X (4W.000) 'square yards, and dividing this 
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into the former figure it will be seen that each square 
yard of surface is as bright as 250,000,000 candles, 
or each square inch shines with a brilliancy of over 
100,000 standard candles^ The light is many times 
more brilliant than the calcium light, three or four 
times that of the intensely brilliant " crater " of the 
electric arc. The nucleus or blackest part of the 
darkest sunspot is brighter than the most brilhant 
artificial fight that we know of on earth. 

Far more accurate and satisfactory estimates may 
be made of the total energy or " heat " received from 
the sun. Estimates of the amount and intensity of 
apy light dei>end upon a visual comparison, and the 
human eye is notoriously inaccurate and liable to de- 
ception* Quantities of heat on the other hand can 
be accurately measured and stated in precise and weU- 
known terms. Quantity of heat must be carefully 
distinguished from temperature. It takes twice as 
much heat to raise a quart of water to the boiling 
point as it does for a single pint. The temperature 
of the quart and the pint may be the same, but the 
quantity of heat in the quart will be the larger. Heat 
is a mode of motion, and temperature is a measure of 
the intensity, of the quality, not of the quantity of 
motion. 

The measure of quantity used in heat determina- 
tions is the "calorie'*: the amount of heat required 
to raise one kilogram of water one degree centigrade. 
This is a perfectly definite unit whose equivalent in 
mechanical energy is well known* For many pur- 
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]>05e5i however, a small caloric is used; this is the 
aniouiil of heat rciinired t<> raise one gram of water 
one degree, and it is therefore one one- thousandth 
that of the large or cngiiieering ealoric. Some writ- 
ew use one unit, some the other. Latiglej- prefers to 
use the MTiali calorie. 

Now it is not a verj- diflieult matter to measure at a 
given point on the earth's .surface the apprnximate 
immlier of calories retrlved fn*nj r Ixfitm of sjinlight 
of kiKJWti diinerisiutLFJ, A beam of surdight of tleti- 
nite and known cross section is ttllowed to fall perix*n- 
dictdarly uiHin a vessel containing a known weight 
of water. In the water \-< a delicate IheniHnneleri 
and the rise of tem|>eratnre ]ier minute is noted. The 
upper surfatT of the vessel which is exposed to the sun 
HJUSt be rnughcncil an<l covered nith Iflmp-hlaek, so 
Uiat it will readily ahsorb all the heat and light which 
falls upon it. M^iny precautions must Ix- taken to 
|ii-ir\int the «alfr from lM.'iiig heatrd f)y radiatjona 
from Mirnnintling ohjccts, or from losing its hent to 
tliosc objects. Such experiments were made by the 
youny*^^ IlerM'lKl a! CajH' Tovin as early as ltt38 and 

bv l*iiuillet in France at iklinut the -same time, and 

• 

gave fairly atruratc estimates of the (|UAntit>' of heat 
derivcil from the sun. IlerMtJiel found tliat a beam 
of snoli^ld tlirre inches in diameter would raise the 
temjHrature of initS grains (about half n pint) of 
water 0.37 of a degree \kt minute. At the time these 
ex[>erimeiils were made the sun waa Ttome t'i" from 
Uie zenith, and from these Tlentchel concluded that. 
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were the sun in the zenith, the amount of heat received 
would melt a coating of ice one inch in thickness in 
two hours and thirteen minutes. This is the equiva- 
lent of about twelve calories per square metre, a 
quantity which is now known to be considerably too 
smalL 

The greatest difficulty in arriving at a correct con- 
ception of the amount of heat received from the sun 
lies in the fact that all such measures must be made 
at the earth's surface. Before reaching the appara- 
tus the sun's rays pass through many miles of at- 
mosphere; the heat and light are absorbed and only a 
small portion of the original energy of the rays actu- 
ally reaches the surface and becomes effective in heat- 
ing the water of our apparatus. An approximate idea 
of the absorption may be obtained by measuring the 
amounts of heat received from the sun at different 
hours of the day. The path of the ray through the 
atmosphere can be calculated at any time, and its 
length relative to the height of the atmosphere com- 
puted. When the sun is just rising or setting, its 
horizontal rays pass through several times as many 
miles of atmosphere as when directly overhead at a 
tropical noon. But the amount of heat absorbed by 
the atmosphere is not directly proportional to the 
length of the path; it depends rather upon the mass 
of air passed through. Two layers of different 
thickness, but each containing the same mass of air, 
will absorb the same proportionate amount of energy 
from the rays passing through them. And each sue- 
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ling layer of smiilar nmss will iiljwjrb ihe same 
^Trojjurlioimtt! artiount. If the first layer absorbs 
lialf Ibe cncTgy and transmits half, then the second 
Inyer will abwjrh niie halT of tlie cnt^rg^y incident 
uiu>n it and will also traTi»iiint half» or will transmit 
a lialf uf a half, or one <]iiarter of the original amount. 
Three Niii'h Uyer:^ would tran.smit one eighth, and 
four one sixtctiilh nf the full uiiiouut. The ]iorccnl- 
flge of the rfl}* of heat or lijjht al>sorhed bj' passage 
through unit thirkncss of air. or other ahsorbini^ 
inedikjin. is cullnl the " cocfliL-ienl til absorption.'* 
and iU value can he found by measuring the rela- 
tive amounts transmitted thmtii^h any two strata 
of known and widely ditTererit thickness or mass. 
As soon ns this eoillicjent is known the unmnnt 
absorh(*d by a layer of any Diieknesft can be readily 
calculated* 

Now the early investigators of the siina light and 
h^at assnnic<l in their cnlcnlatiorift tliAt a single coef* 
ficient could be used, that the various rays of ditTereiit 
ccflours and wAve-lcngth» were all absorbed sooic 
what in the same pro|K»rtion. They knew, however, 
that this was not eorrtet, that different wave-lengths 
are absorbed dillerenlly, but thonglit thnt the>' could 
And h\\i\ nsi* an average coetlh-jr-iit iind that such 
average coefHeient would give praeticrtlly correct re- 
sults. In thi?i way it was generally ctrtimatcd thai, 
in average fair ^wather, by tbr lime the suns raya 
reached sui-levfl tlu-re liKrl bttn aliNorhed by the at- 
nios[)hcre about twenty (20) per rent, of the totftl 
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energy. Pouillet made this 18 to 21 per cent-, MUl- 
ler 17, and Pritchard 21. 

With this value of the atmospheric absorption 
Pouillet determined the '*solar constant," or the 
quantity of heat received by each square metre at 
the upper surface of the earth*s atmosphere, to be 
17-6 calories, Crova estimated it at 23.2, and still later 
Violle 25.4 calorieSp 

Langley showed that the amount of atmospheric 
absorption had been greatly underestimated and that 
probably nearly forty (40) per cent, of the sun's en- 
ergy failed to reach the surface of the earth directly. 
He found the method of treating the rays " en masse " 
and using an average coefficient of absorption is 
erroneous, and that it always gives a result which is 
too small. For example he divided the solar spec- 
trum into ten divisions and found the coefficient for 
each separate part. Tliese coefficients varied to a 
marked extent, but from each he could find the 
amount of heat absorbed for the corresponding di- 
vision or part of the spectrum. By adding up these 
ten separate amounts he foun<l that over 41% of the 
total heat was absorbed by the atmosphere. By tak- 
ing totals only, or by finding the lump or gross co- 
efficient, the absorption would apparently amount to 
only 20 %. 

The solar energy is the sum of an infinite number 
of radiations, which are influenced by the atmosphere 
in an infinite number of ways. Dust and larger par- 
ticles in the atmosphere reflect the heat and treat all 
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the rays alike- Smaller partioles like <Uiat act more 
ftclcotivdy, alfccliiiK Hie rays in one part of the 
Njx.'ctniiiL more tfmn m nihillier. The l'^TltI of the 
larger particles is to pnKluce n generul anil ulrimst 
itiilifrereiit alisorption: tfK' effect of the mok^ules is 
to eut out sniiK- kiiidx of Ir^ht iiiul tic^it aiul mit (fillers 
anil tliiis tu fill llie ^^jieetrnni \v\i\\ <lark jitiito<<pherie 
lines* After passing tliniu^h the utniusplierc the 
solar litfht und Iierit is thus not only less in amount, 
hut different in kind. 

Thus in iinler tn arrive at correct rcMiilbj the amount 
of heat transnuttcd hy cjieh separate wave-length in 
the Nolar Kpeetnini slfould lie nieaHureiL This !k evi- 
dently an itnpoNsihility. I^an^ley. however, devised 
an instnuiR-nt, the " hulnnieter." which goes far to 
narcl reali.sing this ideal eondition- With it can be 
measured the amount of heat in an extremely narrow 
hundle of rays ami the s]K-ctriun exploited from end 
to end. What is hri|fhtness to the eye is heat to tlic 
iKtlnnieter an<] nh^d \^ }ilnrkne<is tn llu* rye is Cfdd tn 
thi.s mcKii detieate in^tninient^ In a beat map of the 
solar s|Tcctrum the ramillnr dark lines and hunils ap- 
|)ear as cold lines and Imnd.s. In principle the )k>1o- 
meter is ver\- siuipti: tl depends n[>on the fad that 
the electrical resistance of u metal is increaseti hy heal; 
the hotter the metal, the more difHctilty an electric 
current enc^timteni in juKiting thnm^h it. If now 
a current of electricity he divided and pa?** to a flifTer- 
ential ^alvanonicler by Iwn wirr^ of equal length and 
croftft section, the needle nf the galvanometer will re- 
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main stationary. When, however, one of the wires 
is heated, its resistance is increased, it becomes a 
poorer conductor, and a greater portion of the cur- 
rent at once flows through the easier channel. This 
change is indicated by the sensitive needle of the gal- 
vanometer, which moves by an amount proportional 
to the energy in the ray which heats the wire. In the 
complete instrument a portion of each wire is removed 
and thin strips of steel or platinum substituted, and 
the heat is applied to one of these strips. The strips 
are about ^ of an inch wide and ttt^Wb of an inch 
thick- One strip is placed in the axis of an ebonite 
cylinder, the other very close to the first but not in 
the axis, so that both are equally warmed or cooled by 
any change in the temperature of the surroimding 
atmosphere. At the end of the cylinder is a narrow 
slit, so that a heat ray travelling in the direction of 
the axis may pass down the cylinder and fall upon 
one strip only. The resistance of this one strip is 
increased and the galvanometer needle moves. 

Many improvements have been made to the origi- 
nal instrument by both Langley and Abbott, until 
now the bolometer is so delicate that differences of 
temperature of less than one hundred-millionth of a 
degree can be detected. The ordinary" thermometer 
can detect changes of temperature amounting to 
rough fractions of a degree; delicate thermometers, 
changes of perhaps one hundredth of a degree. The 
bolometer is thus a million times more sensitive than 
the best thermometer. Not onlv is the instrument 
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Ihlw extremely scnsilivc to minute amounts of heat. 
Init in the aoL-iirjicy of its meaNiircnient it eiimpar^.'J 
fflvrmrably witli iht* beat «stron<>niicuI irialrumcnL 
The probable ern»r of u licat dctcmiiiiatiiui is leaj 
tliHii two one-Iuuiilredths of one pt-r eent. 

With tlii* inNtniineiil Lan^Iey measured the rela- 
tive hcHl uf varuHLH wavekntfth-s and ma]>|K'd tlie 
solar s|>eetruiti far down in the infra-red tn wave* 
length <rO<>53 nim. (5.:* f). He earrieti on his re- 
acarehi^s at nca-le\el and »t an elcvulion (if lo,()(K) fi-t.t 
on Ml W'liitnty, California. l\y comparing the 
relative diiitril nation of heat in holographs, tnUcn at 
bi^ and low min rc»]>eetively, he found tlie atmos- 
phcrie ahsnrplion cori"caiMjnding to different wavc- 
len^lhs of radiant energy. There is an enornwuw 
systenifttie or general absor|>tian» inereasinff toward 
the ultra-vidlet find diminishing towanl the infra-red- 
TIht absorption on the whole f^rows less and le^ aa 
the wave-IeJiffth irKTcases. lint in Oie lower s|ice- 
truni, far down in the infra-retl, there uppe-ar ^reat 
bands of local absorption, spaces where for a few 
wave-len^tliH the ener|^' is itlni<ist efimpletely eut out 
by the atmnspbere. So strong is the I'wal, or wle*'- 
tive, absorption at these point:^, that even on the tops 
of nionntainK these eold trlluric bands appear and a 
great many rays are totally extinguishefl long befure 
the>" reaeh the earth's surfuee. 

After allowing fcir thi^ atmospheric absorption 
Langley fnunfl the diMlributiori of heat or cnergi' in 
the solar Ri>eetnnn as .ihown in llic accompanying 
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dia^am. The scale of wave-lengths is laid off on 
the horizontal line; the height of the curve at any 
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FHi. 17- DlSTRlTIUTEON OK ilKAT IN lIlK SoLAW Sr>X:TPUM. 

point represents the relative intensity of the radia- 
tion of that wave-length. The maximum intensity 
is seen to be in the orange and the distribution of 
energy agrees ven' approximately with that of light. 
While the rays of the visible portion of the spectrum 
are thus the most intense, yet the total energj^ of the 
dark rays greatly exceeds that of the visible rays. If 
the spectrum be divided into three great portions, the 
invisible ultra-violet, the visible, and the dark infra- 
refl, then the total energj^ is distributed l>etween these 
three portions somewhat as follows: 
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Tlie ultra-violet (invisible) contains ^\^ or less- 
The visible siitxiruni winlains \ approximately. 
The iiifra-re(j (invisible) contains ^ appro?£i- 

nmldy. 
Tbc jihsorpliun in tiic atmosphere modifies th«! char- 
ftctep of the radiation rcmvtd anil the apparent 
colour of llic »iui. The rays of short wavc-k-ngth arc 
nlisnrlRiI hi !i ^renter rxttnt ihan those of lun^ wave- 
kn^th. Thtr relatively Imv intcUHity nf the radia- 
tions of great Kavc'lcn^h is due ru^t no much to 
ahwirption as to the fnct that tlie intensity is sniall. 
The relatively great intensity in tlie huninnus part 
of the speetruni exists, then, not on account of feeble 
aliHorptjon, hut in npife of a strrtn^ absorption- To 
one jtitnated out?^ide nf our nlmoHphi-re the sun would 
appcur hh]i*fh, instead nf a deep yellow, 

Ynm\ the observations at Mt, Whitney. I-anplcy 
detcmiinetl the solar constant to be thirty-six calnries. 
More recpnt ohservntinus made hv Alit>olt in the 
Afitropbvfiieal Ol^jw^rvatorj* of llie Smitb^nian Tn- 
stitutioEi at ^Vashin^1<ln nnd iit Mt. Wil-ion, Cali- 
foniia* \li[iw this value to Ik? high- Thirty eulories 
19 now considered as elonely approxiiuattn)^ the true 
value. Tliis \% heat enough to melt a sheet of ice 
nine tenlb-H (0,D) of an inch thick cvcr>' hour. Thus 
the earth n'-eives hourly enoij^h heal to melt a cir- 
cular disc of ice nine tenths of an inch thick and 
nearly ci^ht thousand (70'iO) miles in diameter. 
In a year the solar rays would melt a disc 557 feet 
thick. As the nn^a of the earth's airfare is djuat to 
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the area of four great circles, this disc of ice, if spread 
out over the entire surface, would form a shell some' 
164 feet thick. This shell the sun would melt an- 
nually, provided its heat were uniformly distributed* 
The equatorial regions, however, receive much more 
heat tlian do other portions of the globe, and there the 
sun's rays are siifficient to melt a belt of ice some 209 
feet thick, annually. In high latitudes the shell would 
be much less than the average (164 feet) thickness. 

The tremendous amount of energj' received from 
the siui may be illustrate<I in another way. Ordinary' 
steam engines, whether for railroad or factory use, are 
rate<I by their horsc-jiower; a hundred-horse- power 
engine will drive a small steamer or operate a mill of 
some two !inn<lred and fifty looms. Xow tliirtj' cal- 
ories of heat iHT minute, if completely utilised, would 
produce '2.S horse power. Xeglecting atmospheric 
absorption, therefore, each square meter of the earth's 
surfaci* rtH^^nves from the sun, when directly over- 
head, sufficient enorgj' to run a 2,8 horse-power en- 
gine; or one horst^|Kiwcr is receivwi for everj' four 
stpiart* fi.'cl of surface. The absorption of the air cuts 
this down aln^ut forty y^r cviit. so that on a clear day 
at sea-lovch with the sun dinx^tly overhead, sufficient 
onorg>' t<i pnxluci' one liorse-|>o«cr is received on 
each six and a half squan^ f(Vt of surfacw Several 
attempts have Ihx^) niailc to utilise this solar energy 
and maki' the sun drive marhintrj- f*ir practical pur- 
l>oscs. The most smvi'^ssfnl of these allcmpts was 
that of V'ricsson, wtio iMnstmctcd a ciaiit rt dector and 
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concentrated the sun's raj's upon a small boiler, in 
uhich steam was ^cnerutcd and aftcrMards used ia 
an ordinary engine* lie ran, thiiing fair wt-atlier^ 
a three-h<>rsc-]x»wep engine, developing one hopse- 
]M)wer from one hundred M|uare feet of reflecting 
Mirfaee. In other words Kriesson su<xx.eded in iuni- 
ing alxiut iini-fifleenlh of llie IlieoretiL-al amount of 
Milar energi," into available power- 
Taking the world aj^ a wJmle. after allowing for nt- 
nio^phenr ftbsorption, rmb tftenty-t'tglil vjimre feet of 
nurfaec f^hoidd produce continu<iuKly. in a prrfeet en* 
gine, one horse-jKiwer. The encrgj' falling ujxin an 
onlinar>- city lot shoidd run cnntinuouAly a hundred- 
horse-power plant. If all the coal deixwits in Penn* 
sylvania were burned in one second, thcj' waulil not 
produce us muc]] jMJwer as the sun furni-shcN us in 
the Aame lime The liifficuHy in the practiea] utilisa- 
tion of the solar cnerg>* lie* in its extreme variahility- 
Ifi the morning and arternoon, when the sun is low in 
the heave[is, hnt a small amount of energy' reaches 
tile surfaee and even at iif»<in a passing eloud will ab- 
sorb the greater part of the solar railiation* In order 
that a eotton mill niny pay dividends, iti mnchinen' 
must rim at maximum sfUTil from mx o'clock in tlie 
morning until eloHiTig time at night, and must run 
thus day aTter day. rain or shine, lentil a (4ieap and 
jxTfect syslein of storing np surplus euergj" is de- 
vised, the solar engine cannot nimr into general «w- 
Thc amount of energy receive<l from the snn is con- 
stantly fluctuating^ it varies from minute to niinnte 
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and from hour to hour< The greater part of this 
variation is due to changes in the earth's atmosphere, 
causing more or less of the energy to be absorbed; 
but later investigations seem to show tliat there is a 
real variation in the solar constant. It would appear 
that at times the sun radiates more heat than at 
otliers, and this variation in the solar radiation Lang- 
lej' and Abbott explain by changes in the depth and 
density of the sun's atmosphere. Experiments show 
that the heat radiated by the solar disc varies from the 
centre outward, the radiation from the centre being 
very much more intense than that from the edges. 
Langley and Abbott find a steady diminution from 
centre to edge, until near the edge the radiation is 
reduced to less than half that from the same extent 
of surface near the centre. This is due to absorption 
in the solar envelopes; the light and heat from the 
edge, passing diagonally through a greater depth of 
the solar atmosphere, are much more strongly ab- 
sorbed than that from the centre. These envelopes 
are more transparent to the red rays than to the 
violet; the solar atmosphere changes the colour, as 
well as diminishes the quantity of light that is trans- 
mitted through it If the sun's atmosphere were 
removed, the sun would take on a decidedly bluish 
tinge and its brightness would he increased several 
fold. 

Langley and Abbott show that small changes in the 
transparency of the solar atmosphere ivould cause 
large fluctuations in the solar constant and cause sen- 
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»ible cliangL*s \t\ nictcorolo^cal conditions on the 
earth, A targt^ value of the mAiw cDnstniit iri<lic-ntcs 
thftt titr cnrtli is receiving more tlmii tlie usiml siipjily 
of cner^" from the sun, aind, taken as a whole, there- 
fore, Iht! uorlil shonhl ht^ wamicr. If the »olur eon- 
sLant lie helow IhL- average, tht- Lurth should he n^Mrr, 
In Ihis wnv it may he pos^ihle some day to prediel the 
general eliaraeter of the seasons through a eaix*ful 
and continii<ni-s study of the aniar radiations. The 
cibscniations for determining vueh variiitionN are at- 
tended uith greitt dillienlty, the variations ihie to local 
eonditicnifl in the earth's atmosphere iK-ing so very 
much greater that they almcmt eonipletely \imsV the 
real solur tlucluations. The nev solar ohsen-aton' 
of the rnrnegie Institute nn Sit. Wilson, ahnve Ihe 
main hody of our atmasphert.-, is vtn' favourably 
situated for invest igatinns nprin the amount and 
character of the solar radiations and its su[>erb ec|uip- 
ment is cspcetally dexi>fneti for such work. 

TR^menilons iis is Itie amount of entrgj' received tiv 
the earth, it is but a minute fraction of the solar out- 
put. As viewed from the sun the diameter of the 
earth is hut 17 .0 and it would lake over 73.^00 ImmUcs 
the si'/i? of the earth tn fonn 11 narrow \w\\ ar^mnd the 
ecltplie, and innre tlinn two lliousand nnllion earths 
to form a complete sliell around the sun< If the 8un 
rudiate^i its heat e(|indly in all directions, then It** than 
one oiicdiundrcdMnilliontli of the w1h>1v is rveeiveii by 
the various bfulies in the sohir system- The rrst i^ 
radiatcil out into space and may idlimately reach (he 
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distant stars and nebulffi. If the sun were sur- 
rounded by a spherical shell of ice nine tenths of an 
inch thick and 186,000,000 miles (the diameter of the 
earth's orbit) in diameter^ such a shell would be en- 
tirely melted in an hour. Now, the surfaces of 
spheres are proportional to the squares of their radii, 
and the thickness of such an liypothetical ice shell 
which could be melted in one hour would be increased 
in this ratio as its diameter is reduced. The radius of 
the sun is about ^f^ that of the earth's orbit, and 
hence, in one hour, the heat of the sun would melt a 
shell, which just encloses that body, some 46,000 times 
as thick as that at the distance of the earth. At the 
earth the thickness of the shell is 0,9 inch and at the 
sun*s surface, therefore, the thickness would be some 
41,400 inches or 3460 feet. In other words, if the 
sun were frozen over to the depth of one mile, the en- 
tire mass of ice would be completely melted in one 
hour and thirty-one minutes. Each square foot of 
the sun's surface radiates over 110,000 calories per 
minute; radiates sufficient heat to develop continu- 
ously over 10,000 horse-power. 

Various tests show that the total heat of combus- 
tion of one pound of the best anthracite coal is about 
(t,000 calories. To maintain the heat radiated by each 
square foot of the sun's surface would require, there- 
fore, the combustion of thirty-three pounds of coal 
each minute; or qne ton each hour. In an ordinary 
boiler plant from t\\enty to thirty jxjunds of coal per 
square foot of grate surface are consumed in an hour. 
The solar radiation is thus fifty times more powerfill 
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than thL- Hrc uiukr nu avcm^c IkjiKt nnd mitny Unit's 
uiortr pjttL'rriU llian tImE <il' (lie Iict^I Ma^l furiiaitf. 
Now a ton r>f aiithriicitc wml iH-cupics uUjut thirty 
cubic feet of space, scj that in orikr to have u ton per 
Mjimn.* fnnl of >iurra(v. » laviT unuhl ntt't'ssttrilv Ik; 
Uiirly ftrt thick. It' then Iht? stin were solid coal aiij 
were hurnirig in pure oxygen, a layer tliirty feet in 
thickne^N wmiM Ik- cojtMiniccI cacli hour, and the (ii- 
uniL-trr i(f tht' sun v^oiild Ix: n-ihu-eil \\\ Hfty-lwo iiiiltTi 
^ch year. As the sun grew smaller a greater thick- 
ness uouhl )>c cohHiirnL'd each year ainl a simple cal- 
culation »l]OH}i that the sun would l>e entirely burnt 
up iu alxuit Hvr tbousiind (5(IU0) years, Ilistorient 
rccunU nin hack for mure than five thousand yeara 
and gtoln^ical rorniatitins and fossils show us that 
th<r L'arlh 1ms t'xistt-d Tor runuv millions of vcars. The 
hcttt of the sun, therefore, canjiot Ir- explained by 
combo^ion, nor tan that hcNiy Ik' a hcatod solid cool- 
ing down. For the tcmix^niturL- of nui-h a i>K>hn|r 
body wiMjld fall at a mtr sulTieicfitly great to be 
noticeable after the lap.sr of a few eenturie^t, and no 
]ierce{)til)lc dinnnution in the amount nf siditr heat 
has taken pluc-i- since reenrded history heg^ut. 

Tftt> reawjnahle thei>ries h«ve Iiecn advant'cd to ac- 
count for the maintenance of the M>lar radiation: one. 
tbt inctcorie liy{K>the!iis of Mnyer: the other, tlic more 
Ifvneratly acx*cptctl tht'ory of lltlrnholtz. 

When a moving bo<ly i* slop|H.-d ita cnerpi' of mo- 
tion '\% transformed and apTM:ar?f a» heat; the knd bul- 
let from a pistol is moKwl when it wtnke'i a^ainHt an 
iron tarffct. There is an exact matlienmtieat retntjon 
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between the amount of heat produced and the me- 
chanical energy of the moving body; so that if the 
mass and speed of the body be known the amount of 
heat that will be produced by its stoppage can be ac- 
curately calculated. It makes no difference whether 
the stoppage be sudden or gradual, the amount of heat 
produced is the same, but the temperatures will vary 
widely- When the body is suddenly stopped the 
whole amount of heat is instantly released and the 
temperature of the body and its surroundings is 
raised to a high degree; when the body is gradually 
brought to rest, tlie heat is slowly evolved, and the 
body may radiate this heat as fast as it is produced 
and when tlie body is finally brought to rest its tem- 
perature may be no higlier than at the start. The 
quantity of heat thus generated by a moving body in- 
creases proportionally to the square of the velocity; if 
the speed of the body be doubled, the amount of heat 
produced will be quadrupled. A body weighing one 
kilogram {2.20 pounds) and moving at the rate of 
91.3 metres (299.5i feet) per second will, if stopped, 
produce just one calorie of heat. Now, a body in 
falling from a great distance to the earth would ac- 
quire a velocity of 6.94 miles, or 10,*240 metres, per 
second. This velocity is iri times that required for 
a kilogram to produce one calorie, and a body of simi- 
lar mass moving with this speed an<l stopped by the 
earth, or by the friction of the atmosphere, would 
therefore pi'oduce over 14,800 calories, a quantitj^ of 
heat sufficient to completely vaporise it, A body of 
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lilar D1B5S falling from infinite spacr to tlie siirfnce 
Uie 5IIJI would fiUniii a velocity nf HHO miles ]it'r 
MCond and woiilil prndiice over forty-five million 
(45,000,0110 1 calories. One kilogram t)f pure carbon 
when burnt in oxygen protlucea only abrnit aOlK) cal- 
ories. Henee by its fall into the sun a kilogmni of 
mutter Mill prodiiee iner five tbousiind times as nnieh 
hcut as would an equal nia?js of carbon uhen burnt 
under the innst favourable c*oriditiiins. 

In this way it is ^^i&y tu caleulute, as <]id Lord Kel- 
vin* tliat if the earth fell into the sun it would supply 
heat enough tu mountain the supply for ninetytive 
years, and that, if the entire planetary syf^tem eol- 
lapsed upon the sun, there wouhi l>e liberated sufii- 
eient heat to supply the solar furnaces for over 4fl.- 
000 years. Thus, if there should hiuiuuIIv fall upon 
the sun from outside s[)aee a quantity of matter equal 
to a little less than one oiie-huiidrcdlh of the mass of 
the earth, the supply of solar energy Mould be con- 
tinuously rerR'WLiL 

Undoubtedly a ipjantity of meteoric matter docs 
fall into the sun and n certain |>orlion of its heat is 
thus mainthined. l)ut it would lianlly M*eni [xtssilile 
that any large part of the heat is due to this cause, 
for if there were sulticient mctcnrie matter falling into 
the sun, the earth would cneomiter many more 
meteors than it does. The earth revulvrs aluiut the 
sun and aei'c^im panics that IkmIv in its pasringc through 
space, and if there i.^ any great rain of meteors upon 
tiie Sim, the earth should receive its jmiiK^rtioriatc 
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share. It has been sho^Ti by Pierce Ihat if the meteo- 
ric matter is abundant enough to cause the solar heat, 
the eartli would aitiiualiy receive neariv Hftv tons 
upon each scjiiare mile of surface- No such amount 
is received, nor even an appreciable fraction of that 
amount. This is known not only by direct obsena- 
t ion, but also by the indirect effects that such meteoric 
deposits would cause- A vast number of meteorites 
falling on the earth s surffice wnuM change tlie period 
of rotation of the earth ujxtn its axis and lengthen the 
day. From the time of the first recorded obser^-ation 
the day has not been lengthened by so much as one 
one-hundredth part tif a second, and hence it may be 
safely concluded that the amount of meteoric matter 
actually deposited is comparatively small. 

Tlie contraction theory nf Ilelniholtx, which is now 
generally accepted, dilfers from the nieteoric only in 
substituting, in place of the meteors, the sun itself. 
The sun is gradually falling into itself, the outer lay- 
ers are falling toward the centre; the sun is shrinking, 
growing smaller; and this contraction, this falling in 
of the outer particles, produces the immense outflow 
of energy'- The whole sun contracts, every particle of 
its whole mass falls toward tlie ecnire and contributes 
its mite to the total supply of heat. The surface par- 
ticles move, of course, through a much greater dis- 
tance than do those withhi the sphere- On account of 
the tremendous mass of the sun a ver\' slight con- 
traction will suffice to maintain its supply of heat^ 
A shrinkage in the solar diameter of some 300 
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feet ft year is all that is ncccssarj' to account Cor 
the grttit outpciur of tiK-rgy, On the sun's disc a 
KTcund of are is equivalent to 440 miles; and, «t 
300 feet n year, it would take nearly 7000 years fftr 
the solnr dise to shrink hy tlii» uniount. Xo instru- 
mental pnM>f nf this eontraetiorj thei>ry, thcr<;forc, 
can be exix-ett-d for many centuries. 

In 1870 I^ane showed that a nrnsa of gas» if away 
from all disturbing causes, would cftntract under the 
aetion of it>< c)\iii gravtLHiion aj^d at tlie same time 
would conlinually ^ow hotter* The amount of heat 
that such a mnT^s of ^as would lose by radiation would 
be more than eounterhaUneed tiy the heal generated 
by the shrinkage. If, then, tlic sun be a pure gaseoua 
body its tcm|KTaturc must l)e slowly rising. 

This law of Lane's docs not Apply to a solid or 
litjuid body. Sucli a biHly can cimtract but little and 
radiates heat faster \\\x\\\ the supply can l»e kept up 
by the shrinkage, and therifore the IwhIv rapidly ci:k)Is 
off. So far as can be detennined the sim s tempera- 
ture IS nearly if not <)uitc stationary', and this wnuld 
in<lieate that it is neither punrly >fa,seou-s, nor wholly 
Iii|uid or siilid, but in an intennediate state, part 
j^scous and part lti|uid, or that it is in such a state of 
procure and density that the ordinary law» of gaaei 
no longer apply- Kviil^-ntly. huwci'cr, at ?(omc fut- 
ore time, the sun will |mss from tlie gaseous, or sciiii- 
fpLseous, into the li<[uid stage and frv^m that moment 
it will begin to lose tcmi>cnilurc rapidly. There ia, 
therefore, a definite end in sight, u time beyond which 
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the sun will cease to shine and the world, as it now 
exists, will come to an end. Any estimates as to when 
this will occur can be the roughest kind of approxima- 
tions only, and merely serve to show the inevitable 
conclusions. Newcomb thinks that within ten mil- 
lion years the sun will have cooled to such an extent 
that life will have ceased to exist on the earth. 

The heat radiated by the sun warms all bodies upon 
which it falls; the temjierature of the earth is raised 
and it is made habitable by the energy derived from 
the sun. Now a body receiving heat from the sun 
may reflect or absorb that heat. Some bodies reflect 
the heat rays that impinge upon them, others absorb 
them: a bright, polishe<l metal surface reflects the 
greater part of its rays; a rough, uneven, blackened 
surface absorbs nearly all the heat that falls upon it. 
A body which absorbs heat readily radiates it readily, 
and a body which absorbs all the heat that falls upon 
it is called a " black " body. Such a black body radi- 
ates all the heat that it receives and its temperature 
is due solely to the source from which it receives the 
heat and its distance from that source. Poynting 
has calculated the temperatures of such black bodies 
at various distances from the sun and finds them as 
in the following table; in which the temperatures are 
given in Fahrenheit degrees: 



Distance from Sun 


Temperatare 


3^ million miles 


2190^, caat iron melts 


23 " ** 


770°, lead melts 
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CHAPTER VII 

THE MOTIONS OF THE PLANETS 

A S a whole the heavens appear to-day exactly as 
^^ they appeared to Hipparchus and to the priests 
of ancient Babylon^ Year after year the stars retain 
their same relative positions on the celestial sphere* 
appear to he bound together by some invisible tie. 
This permanency and unchangeableness of the heav- 
ens was recognised at a very early date and the more 
striking groups of stars were roughly classed together 
and separated into constellations. These constella- 
tions for the most part bear some imaginary resem- 
blance to animals, to common objects, or to charac- 
ters and incidents in the early Greek mythology. So 
eternal seem these configurations that the stars are 
commonly spoken of as fixed and fixed indeed the 
wise men of old would have them* They conceived 
these stars to be set like jewels on the surface of the 
great celestial sphere, in the centre of which was sus- 
pended the earth. It is now known that these figures 
are not absolutely permanent, that the stars are all in 
motion, and that gradually as the centuries roll on the 
groups will change their appearances and the con- 
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stellation*! will fiulc. Hut tliese motions are relatively 
ao slo^v as to L^c nearly i^r quite invisible to the naked 
eye, and appreciable only after the lapse of many cen- 
turies, Tliree thousand years ayo the ''Great Dip- 
per" wa-s liHiigini^ in the northern sky just as it ia 
hangiiif^ to-day- 

ttTiile Ihe great mass of stars thus always api^ear 
in the same rehitive positions, yet from prehist^jric 
times it has l>een knnwii that seven of the hn^l^test 
eelestial ohjtfis are not thus Ixituid toother, lait a|>- 
[war to wander thniit^h the heavens, apiK-arin^ at 
times in one eoiistcllatinn. then in anuthen Tliesc 
seven wanderers, or plntirtt, as they tiave been called, 
arc the sun. the moon, Mercury, Venus, Mnrs, Jupi- 
ter, and Saturn, The motions of the moon arc Tu»tiee- 
ahlc to the most easual ntiscrver; so rapid indeed is her 
eaJitward motion among the stars thai it ean readily 
he detected in the course of a few hntirs. In twenly- 
aeven days she completes an entire circuit of the 
heavens. The motion of the ^un is more (iiffieuU to 
detect, for its hrilliance is such as to render invisible 
all ^tars al>ove the hori/oii during daytime, lly not- 
ing tile (onstc Hat ions that are on the meridian at 
midnight, howeier. the motion of the sun among the 
stairs can sinm he deli-rrnintd. These two, the ^un and 
moon, although they thus wamlcr among the stars. 
difTer ntdieully from the other five wanderers and are 
now no hiriger classed oa " planets/' 

The Hve piahetj» known from prehistoric times dif* 
for at lirst sight from the fttara only hy tlieir apparent 
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wanderings. Not until the invention of the telescope 
was their real physical difference known with cer- 
taintj\ And the motions of these five differ radically 
from those of the sun and moon. These latter move 
steadily along in their paths, travelhng always to- 
wards the east, until they have completed a circuit of 
the heavens. Much more complicated is the motion 
of a planet. While on the whole each planet moves 
eastward until it has completed its circuit, yet this 
motion is not continuous. At times it changes its 
position in the sky more and more slowly, until finally 
the planet stops and apparently stands still among 
the stars. After a M'hile it begins to move again, but 
now in the opposite direction towards the west, retro- 
grading or retracing part of its former path. How- 
ever, after moving a short distance to the west, the 
planet stops and begins again its eastward motion; 
travelling far to the east before it again stops and re- 
peats the westward swing. During the periods of 
retrograde motion, the planet describes peculiar loops 
and S curves among the stars, crossing and recrossing 
its former path. The eastward swing of a planet is 
always much longer, both in distance and in time, than 
the westward. 

Two of these planets, JVIercury and Venus, never 
depart very far from the sun, but appear to vibrate 
across that body, appearing first on one side, then on 
the other, and accompanying the sun in its annual 
path around the heavens. 

Mercury never reaches a distance greater than 28' 



MOTIONS OF THE PLANETS 



<5i 



from the siin aiul, wht?n at Us greatest elongation to 
the castwnril of the sun, can be seen in the twihght 
jiifit above the western honKcin. When at its great- 
ext western elongiifinn il eaii hr seen nn the easleni 
hiiri/on, jiiNt hefure sinirisc, and to the ancient Greeks 
was then known a,s AikjIIh, the morning stan The 
aet'Om panning iliagnini nIlowh the itpparent path of 
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Tio. i8. ArrA&UTT f J%t7i or Uikcdiv. 19^ 

tlilft planvt from Jmir 21 to August 2i, 1007. the )M)si- 
tions of the planet in its path tK'ing in<heateil for 
various rhites. The broken line shows the path nf the 
fltin iluring a portion of the snnie intenal. During 
June and July, Men-nn- wa* to the eastwar<l of the 
Min an<l appean-tl a.s the evctiJng star; on July 24t)i 
the tuo biHlies were in coiijiinetion, an<l after that 
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date Mercury was the morning star, being at its 
greatest western elongation, some 18"*, on August 
14th. On account of its closeness to the sun it is al- 
ways quite difficult to catch sight of, but by a little 
care it can readily be found when at its greatest 
elongation from the sun. The apparent path of Ve- 
Dus is exactly similar, but its loops are longer, and 
it reaches a much greater distance east and west of the 
sun than does Mercury, so that we are all familiar 
from earliest childhood with the " earth's twin-sister " 
Venus as the morning and evening star- 

The apparent paths of the superior planets. Mars, 
Jupiter, and Saturn, differ from those of Mercury 
and Venus in that these planets traverse their respec- 
tive orbits independently of the sun, sometimes being 
near that body and just as frequently in opposite 
parts of the heavens. The characteristic planetary 
loop of retrogression is, however, present. 

For many centuries astronomers sought to explain 
these curious and at first siglit capricious movements 
of the planets. The early writers naturally thought 
the earth to be at rest, and these motions to be actual 
motions of the planets, revolving about the fixed earth 
as a centre- Eudoxus, as early as 356 b.c, roughly 
explained them as combinations of uniform circular 
motions. He recognised that the loops and retro- 
gressions of Mercury and Venus could be represented 
by motions of these planets in circles whose centres 
were on the line joining the earth and sun; and 
similarly that the motions of Jlars, Jupiter, and 
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Saturn could lie approximnlcd to by supposing each 
plarict to revolve around a (icrtitious planet or centre, 
which ci?iilre nioveil uniformly nrouml the oelestial 
ftphf.T<-. coinplelin^' the circuit in the |>cri*idic tiiiR- of 
ihe )jlsnet. Thi?* was tht? basis (if \\\ki funious rpicj/- 
die theory" of the planetary niotiiins, which was after- 
ward elaborated l>y Hipi)nrelms and I'toleniy into & 
nimpletc urid ennsistont system. 

\nt until the lime of CVjpemicus, however, was the 
true cxplanati^m of these Io4>ps und peculiar curved 
explicitly set forth. In his great work, f)f Rnolu- 
tiovihim Orhivm Cclvi'mm, the first copy of which 
was reei'ived by hiiTi on his deuth-hi^l, May tiV. I5i:j. 
Copcrnieus clearly shuweil that the apparent nuttinm 
of tlie |>laneta are nut altogether reah but are. to a 
great extent, due to the motion of the earth. Coper- 
nicus was not the originator of Uus tlieor\"- As early 
as the thini eeiiliiry iM'fnrc the Christian era Aris- 
tarchus of Saiuos conceived the idea that the cartli 
rotate*^ upon an axis und revolves atmut the sim in a 
circle. Hut nnf^irtunately his theories and sik-cuIa- 
fjoiis concerning the motion of the enrth l>ore little 
fruit and were Inst sight of in succeeding age^, l>cing 
occasioTially revived, hnwei'er, in a vague and uncer- 
tain manner- Coi>eniic«s look these lin/y gues9cs« 
worke<l thoni up Rcientitically. and bar^-d niKm them 
a complete system of astronon>y. which explained the 
complieiiltwl planetan,' motions much more simply 
than did the orthodox Ptolemaic theorj- of an inunor- 
able carth< 
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Thus, according to Copernicus, the sun is at the 
centre of motion and around it revolve in giant orbits 
the planets Jlercurj'', Venus, the earth. Mars, Jupi- 
ter, and Saturn: Mercurj' being nearest the sun and 
Saturn the farthest away. The moon was shown to 
be unique, in that she revolves not about the sun, but 
about the earth, being a satellite of the latter body. 
Copernicus thought these orbits of the planets true 
circles and by them lie could explain, as in the above 
paragraph, the principal eccentricities of planetary 
motion. But he found many minor irregularities of 
motion, both in path and in speed, which could not be 
accounted for by any arrangement of simple circular 
orbits. These he explained by intrwlucing into his 
system many of the epicycles of Ptolemy, using in 
all some thirty-four circles, four for the moon, three 
for the earth, seven for Mercury, and five each for the 
other planets. Half a century after the death of 
Copernicus the true explanation of tliese lesser ir- 
regularities was given by Kepler, who showed that 
the orbits of the planets about the sun are not circles 
and that the speed of a planet in its orbit varies from 
point to point. 

This discovery of Kepler was announced in 1609, 
when his Commejitaries on the Motions of Mars ap- 
peared. He was a student of, and what would now 
he called the Hterarj' executor of, Tycho Brahe, This 
indefatigable obsener had collected during twenty 
years of active work an immense amount of data: 
nositions of stars, planets, and especially of Mars» 
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These observations Kepler reduced und from them he 
plotU'd the orbit oT Jlurs -■ib<Hit tbf sun. Hi? soon 
found tbut the ^yatciii af circles used by Copernicus 
rcpreseiilw] tbi<A jjlanct*s niotinii but verj' imper- 
fectly. He. therefore, tried otlltT eoittbiiiatinns of 
circles and epicycles, until he finally reached the 
conchiNinn that no ctimbirmtion nf cirt^les n)uld re- 
present the actual motion of the planet without intro- 
ducin^c errors of at least eight minutes (8') of arc. 
This was too ^rcat n discrepancy lit l*e tolerated and 
Kepler, acconiin^ly, discarde<I the use of circles and 
utiifonn motion und soon fliscovcred his two cclcbrutcd 
lava of planetary nintion, ^ihich form the bsKiM of 
modern niathenialical astronnmy. These two laws 
are so importiint and so easily understood that tlicy 
are here reproduced. They arc; 

1. The piaiict desenbcs an ellipscp Uie sun being 
at one focus. 

2. The straight line joining the planet to the sun 
iweeps out wpial area^ in equal intcr\«ls of time. 

These laws, dts(^)vcrc<I in reference to Mani, were 
afterward found to apply to each and everj* planet. 
The first law ^ivcs the Kha))e of the path that each 
planet descril>cs about the sun; the secfmd the s]>etHl 
with which the planet moves in various parts of its 
path. A planet moves more slowly in timt part of 
its orbit whieh is fnrthest from the sun. Both Ihese 
laws are exemplified in the following diacTArn. which 
represents the rtrlijl of Mrreuni' nbmil the mui. un a 
jicale of 'I'l million niilcfi to the inch, The lialf major 
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axiA of the ellipse, or the distance C A, is called the 
*' mean distance," and in tbr case of Mercury is 
about 36 millions of miles, or 1^ indies od the scale. 
The sun is not at the centre, but at one focus, S, and 
the distance C S is about 7.2 million miles, and this 




distance between the centre and the focus determines 
the shape of the orbit The ratio of C S to C P is 
cfillcd the eccentricity of the orbit, and this eccentric- 
ity differs widely for the various planets. When at 
Perihelion, P, Slercury is nearly 15 million miles 
nearer the sun than when at Aphelion^ A, the actual 
iistancc of the planet from the sun ranging all the 
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ycm from tfHJ to 49^ million miles. In tliis ellip- 
tic (jrWt the i>Ihiie.-1 tyvt-ls hIkhH tlic nun from w<^t 
tn fast. iiii»vin^ uith uidely clilTcri'rit s|K,*t'<ls; at pt-ri- 
hclion Mercury lavtrs a little over thrte Jtiillion inika 
|wr *liiy; at nplu'liori soniewliiit It'ss than two uiillinik, 
AcTorilin^ to the sccimd law. however, the plum-t al- 
ways iijuves x\X sijfh -sjnt-d Ihwt the line ilrawii from S 
to Mercury pnsses n\er n|oal areii?^ in eijiml inti-nals 
of time. When at iH.'rihelion the pUnet in two days 
will pjiss fmm I* to R, a dis-tjinct of six million mile-s; 
when at aphtlinn, four million rnili^ frum A to H, 
but the areas; of tlu- seetnrs P S K and A S H an* 
e(|ual. Ill the clta^ram these eipml arenii arc shaded. 

Ilk the ca-w of the earth the orhit is inneh \v»a ec- 
centric. Oil the same negate, the h1ll^e<it iliumrt<-r of 
the ellipse would he 8^ inches arul the sun would be 
Icsft than une tenth d^e*"*" fl"" huh from the centre. 
TIjc curve differs wj little fnim ii circle, that tlic uii- 
tided eye could not diittiii^iiNli the difference. 

Hcfore Uie lime i>f Kepler many uttempts had 
been matle to find the reUlive distnnee«i of tlie plan" 
eta from the earth or the sun. It wa,* early recog- 
nised tliet the distance lH>rc Eiomc relation to the 
peri(Hlie time in the orbit. Mercury completed her 
revohjtinn in ftM days. Sattirn In 20J yt^ini. and llic 
natural suppo^^ltinn wn-s thul the orbit of Saturn \% 
verj- much lar^'cr than that of Memiry. Vnder the 
Ptolemaic System the earth was pla*ivl at the centre 
and the planets arranged in the order, the moofi, 
BIcrcur>'. Venus, the sun* Alars. Jupiter, and Sat- 
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urn, Copernicus placed the sun at the centre, and 
ranged the planets in the order of their periodic 
times, Mercury, Venus, Earth, Mars, Jupiter, and 
Saturn, but he did not know the actual dimension of 
any of the orbits, nor even the proportional sizes. 
Kepler not only showed that the orbits of the planets 
are ellipses, but he also determined their distances 
from the sun in terms of the distance of the earth as 
unity. He also made many an unsuccessful attempt 
to obtain a relation between the sizes of the various 
orbits of the planets and their periodic times of revo- 
lution about the sun. After years of vague specula- 
tion he published in 1619 the Harmony of the 
Worlds, a book full of worthless nonsense regarding 
the music of the spheres and fancied relations between 
the solar system and various musical scales. Al- 
though the greater part of this work consisted of 
such useless vagaries, yet it contained the third great 
law of planetary motion, the law which binds the 
various planets together into one great system- This 
third law of Kepler may be stated as follows: 

*' The squares of the times of revolution of any 
two planets about the sun are proportional to the 
cubes of their mean distances from the sun." 

This law is shown by the figures in the following 
table: 



Planets. 


DiBtanc6i 


Cube of Diflt. 


Period, 


Square of Period, 


Mercury, 


0.387 


0.058 


0.241 




0.058 


Venua, 


0.723 


0.378 


0.615 




0.378 


Earth, 


1,000 


1.000 


1.000 




1.000 


Mars, 


1.524 


3.540 


1,881 




3.538 
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JupiLcr, 
Sfttum, 



Dillon tv. 
fiJ£[>S 



rut# of DUt. 






^ii|U&r« of iVrLufL 
140,00 



* 



III tills taMc tli(? (listaiu'i-K und tiuRs urc thosr known 
to Kt'plcr aiHi are exprcssrd in tcmis of th*; corre- 
*il>un«linK distanct' or iK-rtrxIic tinie of the earth lu 
unitv. Tilt? miiiilM.-rs in Iht.- Liiliiinn»( iieminl " Culw 
of Dislnncc '* an*l " Sqimro of IVrifwi " arc practically 
idunticalt the dUcrcpuncics being well within the liiniU 
of error [>os^ihle at the time Kepler made hu re- 
fearchcfi. ami thus he was fully justified in 5|R*akiiig 
of the laM' as *" prccbte/' 

From these three laws Kepler was enahled In draw 
a correct map c>f the si>lar systt-ni, tn show the nrla- 
tivc positions of the planets, and to draw their orbits 
in their eorreet shapt's and pn)]K*r relative si/i-s. 
But he did not know t]ic aehial svt/i in nulcfi 
of Buy one of their orhits; in fact, aa we have 
Ken»* he supposed the distan<-c of the «un from the 
t:arth tn he only ahoiit one fifth of what it actually i?t. 

These c»rhit-H of the plamts dn not all \\v in a single 
plane, lint are vAriously inclined to one another. The 
plane in which the earth tniveU uhout the fiww^ ealM 
the phnir of the c<'[iptie» \% tnkcn as rmidatncntah and 
the olhor orhil* n-firn-d to it. Thus, of Ihe planeb* 
known to Kepler, the incliimtion of Jupiter's orbit va 
hut 1' Ifl', while that nf Mercury ih a trifle over 7*. 
and the inelination-i of the oilier orbit* lie hetwwn 
thc»e limits. Since the itivention of the teleseoiH- and 

1 Chapter IV. " Th< DUtancc of the Stm.'* 
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especially during the last century many new planets 
have heen discovered, and of these many have orbits 
whose inclinations greatly exceed these limits, that of 
Pallas exceeding 34'', Only two of these discovered 
planets are of great size, and these two, Uranus and 
Neptune, lie far outside the orbit of Saturn, Nep- 
tune, discovered in 1846, is the outermost planet of 
the solar system, being some thirty times as far from 
the sun as the earth, and taking nearly 165 years to 
completely traverse its immense path. Since the 
first day of the nineteenth century more than six 
hundred small planets have been discovered and these 
form a group, the *' Planetoids " or "Asteroids," 
which move in various paths between the orbits of 
Mars and Jupiter, 

To convey an accurate idea of the dimensions and 
relative distances of the various bodies of the solar 
system by means of a chart or diagram is well-nigh 
impossible. The mechanical contrivances, or orre- 
ries, which purport to sliow the motions of the plan- 
ets, are more than useless, for they cannot be 
constructed on anything like an approximate scale. 
A general impression as to the distances and motions 
of the planets may be gathered however from the fol- 
lowing illustration. On the top of City Hall, New 
York City, place a great spherical lantern, or search- 
light, twenty feet in diameter to represent the sun; 
then Mercury will he represented by a small plum, on 
the circumference of a circle 820 feet radius, or at the 
comer of Broadway and Thomas Street; Venus by 
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an nrangc nt tlio ('(irncr of Leutiard Strctl, 1550 feel 
from City llaJl; ilie L-iirth liy « largr oriiiige at Wiiitc 
StrcL-l, 'Z\:ma ftx't ili^lant: Mars by a gmid-iiiyed filuni 
nl Gi-ttiul Slret't, llirw (ifths of a mile awavi Jupiter 
hy an onlinnrv library ^IoIk- two ft-et in djaiiit-tcr, 
placed two mik'A away in the inidJIe of MafliMtii 
Square; Saturn hy a sli^lilly smaller ^lohe in tlic <>flic*e 
of the new Phi/a 7 Intel at i>5KI» Street, ^f^inc fourniilej^ 
from Uit! stailui^-i^uiut; I 'rariui« hy a fi»ot-hall nti the 
AtWetic Fit-Id of Columbia tTnivcntity at 116th 
Strct'l, anil Neptune by a Inr^-si/^ toy balloon in 
BriHix Vark. a little nver twelve miles from City 
Hall. In its orbit about the rentral luniiuary. this 
toy ballo<iri, rr])raivntiiif{ Neptune, will j>ai;5 ovlt the 
town of Haekeiisae'k, tlic eilien of Passaie, Orange, 
and Newark, over tbe Iiills of Stnten Island and the 
Mind?i of KcK^kawHv Kejieli, returning by way of Ja- 
nialea and Flu,>iliiti^, (innllj- en>s?iini^ Uic Kawt River 
at Whitcatonc. To imitate the motions of the plan- 
ebi 111 tliese orbit;* Meri-ur^' must mnvr at the rate of 
ihree feet an hour; A'enus not quite two feet [kt 
hour; tlic earth nineteen inehe*; Mars fifteen inehcs, 
Jupiter eight, Saturn flix. [^ranus fmin and Neptune 
only alwnit three and a half inebes |>rr hour. Thia 
latter planet would require IG5 years to complete ita 
cir^-uit of New York. 

Kepler ihsenvenrd tin' three law» of planetary mr^ 
tlon; Xewton inlerpret<"d lliose lawu and vhowod, with 
certain linutntio[is, thai they are the direel (^ofise- 
quenrea of one fundamental law of nature; the law of 
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universal gravitation. In reaching this conception 
Newton was greatly aMecl hy the physical researches 
of GaHleo, who had developed the theorj' of falling 
bodit^.s t^m\ laid the foundations of the modern science 
of mechanics. Near the surface of tlie earth bodies 
fall toward its centre with constantly increasing ve- 
locities, but in each second of time the velocity is in* 
creased, or accelerated, by tlie same amount; and this 
acceleration is the same for all bodies^ whatever their 
nature. This acceleration is dne to the attraction of 
the earth. Xewton, noting that this attraction ex- 
tended tfj all parts of the earth, to the highest mount- 
ains and to the adjacent air, was naturally led to 
infer its extension to the moon, and he made calcula- 
tions which demonstrated tliat tlie force which retains 
the moon in her orbit is the same as that which causes 
bodies to fall upon the surface of the earth. He 
further showed that this force diminishes as the 
square of the distance from tlie earths centre 
increases, 

A simple calculation will show bow this may be 
verified- In a sidereal mouth the moon travels once 
around the earth in her orbit. Her mean distance is 
60.27 times the equatorial radius of the earth, and 
this radius is 20,926,000 feet in length. From these 
fibres, upon the assumption that the orbit is a cir- 
cle, may be found the entire number of feet travelled 
by the moon in one month of 27 days, 7 hours, 48 
minutes, and 11 seconds. By dividing the entire 
circimifcrence of the moon's orbit by the number 
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(2.3fl0,.>ni) of w<-<«mIs III liic riionMi, it is refldily 
Fejuiu) tliat the moon moves .t.'i50»M jetl |>er m:coihI. 
If she vf^r^ not sul»jettal to tht ullrftflion of sonic ex- 
ternal force, the moon wiiultl move in h slraiglit liner 
lan;f45nt to the artunl orhit and at this cninstant 
h|>et'(i, \xi\A wotihl. IhtrcTort^ each secoiul move farther 
and farther aviuy from the curllL As her urhit Is a 
I'ircle ahout the t'artli as centre, tlie nnvm must lie de- 
Itected from h(.T reetilinr&r )>ath, or \\\w%\ full toward 
tlic eartth J'hc amount oj thLs ch-Flertioti. or fall, dnr* 
in^ each second can he culenhit«.'d by simple 
;^o>mct^^^ and it is readily found that in each !ice<ind 
the miHin falU one twentieth (0.053(>) of an inch 
toward the earth. 

If now tlii^f dellection of ttie moon U caused bv the 
attraction of the earth, and if this attraction vurica 
a?4 the inverse si|uare of the distance, then at the sur- 
face of the earth a ImkIv should fall in <^nc second a 
distance equal to one twentieth of an ineh mnlti|died 
hy Itie scjuare of the nw>on\s distance, cxprfHsrd in 
rsdii of tlic earth. That is, a Ixxly should fall, 
0.0586 X (60.27)- inches, or WVl feet. Kx|>cri- 
mcnts on falling hcMlies at tlie surface of the earth 
show Ihat all snrh hodicA actually fall in the first sec- 
ond thn^u^h a distance of IG.I feet; this ()uantity 
varj'in>r slightly- however, with the latitude of the 
place of ohsi nation. This quaTilily agrn-s so nearly 
with tliat derived from the rough culculation on llie 
moon*!! orhit, that one is juatitied in I'oneluilinff, as 
did Ncuinn in HWO. that the force which retains the 
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moon in her orbit is the same force that causes bodies 
to fall to the earth. 

The earth thus attracts the moon, and unless that 
attraction ceases at some point, the earth must also 
attract the sun, the planets, and all the bodies of the 
solar system. Reciprocally the sun must attract the 
earth, the moon, and each and every planet, and in 
turn the planets and satellites must attract the sun. 
Thus may be inferred the law of universal gravitation. 

Every particle of matter attracts everij other par- 
ticle with a force jjroporfional to the product of their 
masses and inversely as the square of their distance 
apart. 

This law can be pretty clearly established for all 
bodies constituting the solar system; but it can- 
not be rigorously demonstrated for the universe at 
large- It is an empirical law; a law deduced from 
experience. As soon as formulated, however, it can 
be tested by applying it to the complicated motions 
of the bodies of the solar system. Ever since the time 
of Xewton mathematicians have attempted to derive 
all these motions from this one comprehensive law. 
These attempts have been wonderfully successful; 
not only does the law explain the simpler movements 
of the planets, but the irregularities, the seeming in- 
consistencies in their motions, have one by one been 
shown to follow directly from this law. Further 
than this, from the asj^umption of the truth of this 
law a nf^-w planet was discovered; fi^m the observed 
irregularities in the motion of Uranus, two mathema- 
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timns, Lc Wirier and Adaiii.s. inJcfKikilcntly pre- 
ilit'tnl tlic rinding of » new hiHJv ^itid iii-st meted llie 
Astronomers uhcr^ to look for it. 

The laws of Ki'plcr arc roiiiiii lo l>c hut upprox- 
miiLtiojih* Till' pliMief.H k\k\ luit dcMTibt.' ellijise^ ;iroiinil 
Ilic sun, nor do Ihey descrilw! any !iiinj)Ie ^reoiiictnu 
cuncrt. The law of gravitation sliows Hiat, if tUc 
wilar .iy*it(^ni niii-sistc'd ijf two hollies only, Ilie sun and 
a single: jitziiii-l, Mnr^ for (-\aTiiplr> tlico woiiM Kap- 
ler's laws Iw true and -Mars would for ever move about 
the sun in an elliptle orbit, the radium vector swetji- 
\\\^ out (-r|ual arc'iis Iti erpial iiitt-rvuls of tiinr. The 
iMtnxhirtion of u third body into the %T?>teni de^troypt 
at once Ibis adjustuieiit: the altraetion of this second 
jdanet pulls Mars out of it*4 (»Hnt and nnj«."s it to ^le* 
■sribe a c^miplieated wavy cun'e, Owin^, however, 
to Uic small mxt of the phinet a.s eoinpared to the siui, 
it enn oidv teiii]K>rfirilv itrn^ Muth fri»iii the etiiptle 
path. After Ibe lapse of w»me i]elini1e i»eno<l Mar* 
will return to its nx'^l'^'' t>rhit, ordy to lie a>fain pulled 
ami hfiulefl. first by one planet, then by another. 
These interruptions, or diwturbiinees. in the purely 
clliptie motion of a planet are ealk-d Vcriurhat'mn^i 
and lliL?ic jK-rtur bat ions are all itrirtly {KTiotlie in 
eharaeter; uiereaNin^, deerea^in^, and vaniiihing In 
reffidarly reeurnnij c>elcs. 

Some of tbe?te perturbationti rtin through their 
eourse in a few moiitlis. or a ^^"^ years, The^e de- 
jimd iiptm the relativi^ positions of the various plnrt- 
cbi in their orl>ils, the times, for example, when two 
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planets are in line on tbe same side of tbe sun, or on 
opposite fiide» of the sun- These are known as the 
" Periwlic Perturbations " and are comparatively 
small for all the planets, the asteroids excepted. In 
the ease of Mereury these perturbations never amount 
to more than 15"; for the earth to about \\ and for 
Jupiter and Saturn to about 28' and 48' respectively- 

There arc some perturbations which depend upon 
the relative positions of the orbits in space; the mu- 
tual inclination of two orbits, or the way their peri- 
helia lie with reference to each othen The periods 
of these perturbations are extremely Vmg, and are 
measured by thousands of years* For short inter- 
vals fif a few years» or centuries, therefore, these per- 
turbations seem to be uniformly progressive, and on 
this account they are termed " Secular," These secu- 
lar terms, when first discovered^ were thought to 
portend the ultimate destruction of the solar system 
as it now exists, Jtut the mathematical researches of 
Laplace and Lagrange established their periodic 
ehanu'tcr and proved that the mutual attraction of 
the i)Ianets could never destroy the system, nor radi- 
cally change the character of the orbits of the larger 
planets. The solar system is a stable system, so far 
IIS it is acted upon solely by the mutual gravitation of 
its own members. 

The final aim of the mathematician and astrono- 
mer is to discover whether or not gravitation is the 
sole Fnrci* acting upon the planets, whether the simple 
law of Newton will explain all astronomical phenom- 
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eno- During the two ceiihirics which have elapsed 
tiincc Ncwt^m wrote the PhHu»i>ph\a Xaltn-alin Prin- 
cipia Mathtmatira, instruments ui" reseaixh have been 
made more aiui nwirc prmse; new nieth'xU uf meas- 
urement and *>hfiervation have been discovered, and 
with these mlvanctj* havt conic discovcrits of new eom- 
pheations in the inotiiuis of the planets and their 
satrlliteK. Many able >iftnmeters have investigated 
these coniplk-ations and one hy one these seeming 
irregularitie*^ \ia\v lit-cn ('xplained> have l>eeii aimun 
to be the direct result or the law of gravitation. Hnt 
will Ihis continue to he the ease< may not new irregu- 
larities be <liseoveivfl that the law of gravilution will 
not ftufflce to explain^ may not the law lie morlilicd 
in some s|>ceial easef may not other forces (*niiie into 
jilayf TIm.- matheinatiral aslnmomer of to-ilay 
Keek« to aiiKWL-r sneh ipievlionH and to furnish formii' 
Ins and nuthods for discussing each new complication 
a.f it ans<.-s> 

l/C Verrier discovered a slight im-gularity in the 
motion of Merairy, which for over half a century 
has been n source of tronhk- to nHtronomers and lia!t 
leii NeweiJinh to ipiextinn thr exaetitoth: uf t!ie 
law of gravitatioru Tlie jx-rihelion of lterc«rj"'» 
orbit has a "secular iK-rturhution." or regular for- 
ward movcmint. amounting to ,*79/lfl IK:r cenlurj'. 
Taking intn aeconnt the divtiirhing actinn of all tlie 
known IxKlies in the Kolar system, Xeweomb shot^-s 
tliBl the law of gravitation will account for only 
M7/0V; or Uic |KTiheIion of Merciirj' move* forward 





I70 TBE SOLAS SYSTEM 

along the plane of the orbit by some 4il.''54 per cent- 
ury in a manner that cannot be accounted for. In 
his Astronomical Constants Newcomb discusses 
many possible explanations of this anomalous mo- 
tion, and after careful treatment discards them all as 
untenable. He shows that this motion cannot be due 
to erroneous determination of the masses of the vari- 
ous planets, nor to hitherto undiscovered planets. 
For a readjustment of the masses, or the introduction 
into the system of new bodies, sufficiently large to 
explain this discrepancy, will introduce serious dis- 
cordances into the motions of the other planets. He 
seems to accept, as the most probable explanation, 
the hypothesis, first propounded by Hall, that the 
gravitation of the sun is not exactly as the inverse 
square, but that the exponent of the distance is 

2.0000001574 
instead of 2. He provisionally accepts this as a 
working theory and introduces it into the computation 
of his tables of planetary motion. 

This is not the first time that the exactitude of the 
law of gravitation has been called into question. 
Time after time astronomers have found seeming ir- 
regularities in the planets' motions, which they could 
not explain by, nor deduce from, this law of Newton's, 
In every case, however, later investigations showed 
the fault to lie in the imperfections of their methods; 
their calculations, or their assumptions in regard to 
the number and size of the planets were in error, not 
the law of gravitation- A discrepancy of only 2' be- 
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t^een the obsen'wl and theoretical places of Uranus 
led to the discover}- tjf Neptiiiit. mid possiWy Ihe 
minute diMTt-|mTRy in the niotions uf >I<*rcury may 
lead to iirk]H)rtaTit disctiveries rej^urdin^ the proper- 
tics or distrihiition or matter in the iicJghbourhfXHl nf 
the sun. 






CHAPTER VIII 

THE INNEE PLANETS— MERCURY AND VENUS 

JWIERCURY, although a difficult object to ob- 
^ " ^ serve, has been known from prehistoric times. 
It appears to oscillate back and forth on either 
side of the sun, and never departs more tlian 28° 
from that luminarj\ When at its greatest eastern 
elongation the planet is visible for a short time after 
sunset^ appearing as a star of the first magnitude 
just above the western horizon; at the time of its 
western elongation it rises shortly before the sun and 
may be seen just above the eastern horizon. On ac- 
count of the short duration of twilight in tropical 
eoontries. Mercury is much more easily seen in 
America and in Southern Europe than in England 
and the countries of the far north. Copernicus, liv- 
ing in a higli latitude and under a cloudy sky, was 
able to catch an occasional glimpse of this planet, but 
never able to make a satisfactory observation. 

The early astronomers failed to recognise the 
identity of the morning and evening stars and had 
separate names for them: the Egyptians called them 
Set and Horus, and the early Greeks, Apollo, the 
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morning, and Mcrciiry, the evening star- By the 
time of Plnhi, however, it was known that these wt?re 
one and thv same htxly and the name of .Mercury ht- 
Cftnie perumncntly identified witli it. \s far haek ns 
2M ux. XhvTC ttre reeordeJ ohiien'ations of the i)osi- 
tion of Ihi* elusive plAnot 

Jlercury i.s Ihtr nearest known planet lo the sun. its 
mean dt*<^lfinre IK-Ing h Mttlf lesN 1h:iii fov[r tenths that 
of the earth- Us orhit however is very ececntric as 
eonipured tn thnse of the other planets; tlic ct'eentri- 
city. O.203, l>cing exceeded by th»t of hut two or three 
of the H^croid**, Thn* while the semi-axis major of 
its orbit is abinit d(t niilhon mile^, Uie actual di^^tance 
of the planet from the sun varies from 28, J nullion 
at iHTihelion to 4*1,5 million miles at aphelion. 
Artiinid this ellipse Uie phuiet trnicls at an avem^ 
Apccd of ^0 miles a second, takinj; HT.D7 days to enni' 
plete the circuit. This is the aidereal period or Inie 
Mereutiun ye«r. The .snifxiie period, or time fnim 
eonjunctit>n to conjunction, is cnnaiderably longer. 
Iieing 1111 (luy^. 

The accom|»inyin^ 'Hngrflm r<.*iirescntH the orWts 
of Men'ury and the cjirth and shows the relative |K»si' 
tion of the two l><xiic:i at various times. The ))lune of 
Mercurj'^s nrhit is inclined some 1' to that <>f the 
earth, cutting the latter in the line of n<kdes. This 
inclinntinii of Mereurj'V orhit is greater than that of 
any other planet, and is so lar^- Hiul Mercury may 
appear from the cHrth to Jie as far as 8* frrmi the 
ecliptic For this reason the acodiac was made 16* 
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wide. The ascending node, or point where Mercury 
passes from the south to the north side of the ecliptic, 
lies in longitude 46^, The line of apsides, or major 
axis of the orbit, lies in such a direction that the planet 
approaches the sun most closely in longitude TS"*, 
Now if the earth be at E and Mercury at M, the 
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Fic. K». OHBrTs Of Mercury AN']> THE Earth. 

planet will be in inferior conjunctiov and would ap- 
pear slightly above the sun as a very thin crescent, 
somewhat like a new moon. Owing to the great bril- 
liancy of the sun, however, the planet can never 
actually be seen when in this position. Mercury and 
the earth both move in the direction of the arrow and 
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flimiil 22 flays laltT will he in the [>ositions >P and E' 
rcajKX'livclv. wlii-ti Ihf [>1ii]r-1 will ii|i])(-nr iit its j^cat- 
eflt t'lofi^atioii an<l will be visihk- iti X\\k- X\\\\\)ji\\i. If 
viewed llinnj>:li jl tt-ltsi-ujK' the planet would now ap- 
j)e'ar as u KhIF moon. Fnmi this |ioriit on Mercury 
would &ppi-(Lr Ui appniacl; tlie kuii until after some 
36 days it would rtueli superior conjumtion at M"; 
during thi^ time the [danet woidd show the ^ildi{Hii« 
phase, afipf-arin^ full ut su[ierior eonjunction. Whc'n 
the planet reaehca the startin^')joint, M, it has 
travelled am^c annmd its orhit and ciimplct*'d a si- 
dereal jHrritxl 'if 87-97 diiys- By this time the earth 
hu moved on to E*'V and the plane! will not eateh up 
to it and lie in inferior conjunction until the two 
tHkiliei reaeh the respective positicins M'^ and K'^ 
WW days after starting out from M. Kaeh sutTcssivc 
inferior conjunction thus fulls ahiiut 116' in advance 
of \\s predei*esior, and there will be three such con- 
junctions each year, the third one oceurriiijj within ft 
few deuces of the first. 

(Occasionally sueli a cf>njunetion occurs when the 
plarM't 13* very near a iio*le, and it will then ai>|>cnr to 
cross, or transit, the disc of the sun. api^arin^ in a 
lelesc<Ji)c as a small n»und hiaek s|x)t. The earth 
passes the line of n'Mle» on May 7th and \fivcml)cr 
flth, and transits can IhereTnre occtjr near those dayi 
only. The first transit ever r)i>se^^■ed was that of 
Nnvemher 7. Iftfll. and the hist that of Novcnilwr U* 
H>U7. As 3 syno^lie |>eriods "f the planet are ninal 
lo onlv 3-IK days and the vcar to mi, tlu* tliird 
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successive conjunction mil Imppen so far from the 
node tliat IMercurj' will pass either above or below the 
sun and no transit will occur. Twentj-two synodic 
jjcrioda however are eqiEal to "2552 days, while 7 ytars 
equal 2556 daya, and therefore after a lapse of 
7 years a conjunction will occur within four degrees 
of the Hrst, and a second transit may happen. Forty* 
one synfidic jjeriods differ still less fi"om 13 years and 
J45 such periods differ from 46 years by less than a 
day. Thus transits at the same node may occur as 
frequently as 7 years and will alm(3st certainly re- 
occur at intervals of 46 years. Transits are more 
frequent in November than in May, because in the 
former Mercury is much nearer the sun and will 
therefore appear against the disc when quite a dis- 
tance to one side ur the other of the node. During 
the next ^5 years transits will occur as foUowa : 

1914, November 7^ risible In tbt^ TTiiUed SCiUta, 

11)24, Mh/ 7, ItegiuDing od].v visible ou Wealern CoaBL 

1927, November % iuriaible in tlic United i^tttfes. 

Although the transits of Mercury are of no great 
asti'ojjomical imfjortance, they are ohserved wilh con- 
siderable interest and regularity- Observations of 
the planet's position on the solar disc at the times of 
transits have leil, however, tn one of the unsolved 
problems of mathematical astronomy. The peri- 
liolion is shifting its position in a way that cannot be 
accounted for and, as was noted in a former chapter, 
this has caused speculations as to the exactitude of the 
law of gravitation. 
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Owing td the rxA'ohitirin of Mercury about the sun 
its ili<itiinc-e fiotn tlit' turtli vnrit'N j<i-cnlly. V\']jt.'n un 
inferior cfmjuiictioii oc'C!urs nt aplielion tbe planet is 
only sonic M> niilliou inik-!^ distant, while at u superior 
cfiiijiint-lkin it tuuy Ik; hh far as \^i\ iiiilltoji niile& 
uw'iiy. Tilt appurciit rlmiueter of thi* plaiiel there- 
fore varies in inverse ratio from 13" to about ^'\ Its 
real diunicttrr \% vm' dose to :i()00 rnilcii, or a little 
niore than one tliinl tlint of tlie uirtli: its surface U 
al»i>ut one jwvt-ntli autl it;* volinne n little Icsf* than one 
cightwnth that of Ihi- earth. If tlic tJitirL- surfmc of 
thf plaoft wtTf sjjreud out over the earth, it would 
cover Asia and Africa, and leave a little bit 
over to make dome of the smaller ialai)d.s in the 
I'lieiJie- 

The mass of the pinnet is not known with any ^reat 
degree of attnracy. As Mertiiry has no FiiilcUite its, 
ma»» ean Ex.- detenitinetl only liy the fh^turblng etfeet 
of the planet ujkwi olfier bfxhes. One or two ef>nkets 
have passed near Mercury and that planet \\ivi ctiusid 
slight variations in their niotioiLS. From sueh oIh 
Ker>'atii)n^. Kiieke. v()n Asleri, and Kneklond have ut- 
t4,'mpted to compute the value of the uia**. Their 
estimates rnnge all the way from one eighth In oiie 
fifteenth that of llie earth. The most reliahic de- 
termination is that of Newwnib in his A/HronofniceJ 
ContitnutH, whieh was ohlained frtmi nii elatw>rntc dis- 
eussion of the mntions and nrhitit of thL- four iuitcr 
planets lie concludes that the ma*t» of Mereurj' is 
C&o^ that of tbe sun, or about ,^lhat of tbe earth. 
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TIlis value is approximate only and according to 
Newcomb is almost certainly too large. 

This uncertainty in the mass of the planet causes 
similar discrepancies to appear in estimates of its av- 
erage density. Until NevFComb showed that its maas 
was much smaller than had been supposed, its density 
was thought to be as great as 2^ times that of the 
earth, twelve times that of water, or approximately 
that of lead. It is now known that its density is very 
nearly the same as that of the earth, and that in this 
regard llercury does not differ radically from the 
other terrestrial planets, Venus, the Carth, and Mars. 

Telescopic observations of the surface of the planet 
are attended with considerable difficulty. Mercury 
is never visible at night; it must either be studied in 
full dayhght, or in the twilight just before sunrise or 
after sunset. In the former case it may be observed 
on or near the meridian, but the heat of the sun dis- 
turbs the atmosphere and makes *' good seeing " ex- 
tremely rare. In the latter case the planet is seen 
near the horizon and the atmospheric disturbances are 
again very troublesome* 

Schroter was the first to make any serious attempt 
to study the surface conditions of this planet. He 
noted that the edge of the terminator (the line separ- 
ating the light and dark portions of the disc) ap- 
peared irregular, and thought this indicated the 
presence of a high mountain near the southern edge 
of the disc. From repeated obsen'ations he inferred 
tlie rotation of the planet on an axis in twenty-four 
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Tinurs and five itiiiiiituH. Tliesc remilts have never 
bet-ii sali*riiotorily c<>nHniiecl, ul1liini>r)i /oHnt-r in 
1H74 rt'pnrteti the surfa*T to he riif^^crl imd iiiount- 
ainntiv. and (fmipHretl the apiR-aranec of the planet 
lo that nf the nifxiii. 

In 188'J Schiaparclli ni the 3li)an Observatory 
nntc<l many nmrkin^. fnini a earefitl study nf ^^hich 
he conohidi'd that Murcury roUiles on ita axis onee in 
cigtily-iright days. IT this Ik: tnjc» Mercury revolves 
alioiit the %\\\\ ill II rTuinner smiilnr to that in which 
the RHKin rt'volvts al>onl the earth, Thi" phinct al- 
vayit |»resents the »ariie Tattr toward tik' sun, and on 
tliat Aide reigns perpetual day. on the other side 
jkcTpctual night. Soch a nttntion is not at all iin- 
prnhahle and im in full aoojrd with the the<»riea of 
tidal evolution. When Mercury mus in a senu-tluid 
condition tlie at.'tinn of the son rai?teil large tides and 
tidal friction would tend to increase the length of the 
Jleix^ntian day and to make the peri'^lN of rotation 
%wA revolution identical* In IHOtS Lowell seem- 
ingly coniirmed Sehlaparclli'ii ideas as tn the |*erioiI 
of rotation, hut the ohserxations are so ditUeult that 
the matter can hartlly *>e ecmsidcred w definitely 
detcnuined. 

Practically notliing dcHnite 1* known an to tlic sur- 
face conditions existing on Mercury. The planet 
showft no dcKnile well r«.?cogntM'd markings, yet it ifl 
generally eonrrdeil that its surfncr is prolialily rough 
1 and irregiilnr, M>mewhat rcscmhiing Ihc moon in gen- 
\ e ral clmraeleriatica- At Flagstaff, howc\cr, I^wcU 
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and his assistants huve made elaborate drawings, 
showing the surface crossed and rccrossed with 
broken and irregular lines, resembling in a striking 
way the early drawinfcs of the so-called '' Canali " on 
Mars, ThcHe lines have not bt'cn seen by other ob- 
servers and their existence is very doubtful. Liowell 
himself calls them '"cracks.'' 
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FiQ. SI Chaut or Merclttiv as dbawh at the Loweu, 

OhBHRVATOKV, 

Mevcurj' has little or no atmosphere, and in this re- 
gard also closely resemhles the moon. Many years ago 
Iluggins and Vogel thought they had detected spec- 
troscopic evidence of the existence of an atmosphere 
similar to that of the earth and containhig water 
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vapour. Schinparclii aUo speaks of Slcrcur>" as hav- 
iiiK *' a rrKKitratoly (lease atiiiosplierc/' Bui later 
ohscrvatioTiK U-iiri to (liKprovc tlu'sc id**as and to show 
tliat the atmosphere must he extrt-niely ran. Lowell 
tiluls no eviclt-rice of cloud:* irr ahiLo^ithtrc and the 
prevailing; n]>iii[uti now si]|)|>orts this new. 

If tljese vk*xvs in ri^^ard to alninspluTc- and rotation 
are eorrtct. tiicn tlie conditioiu on the pkiiet iiiii^t 
be extremely peculiar. The side turned toward the 
sun will )>e ef>n«itantly eK]>c>Kei] to t)ie fierce rays of 
thiit hody. shining with m'nrly seven times the power 
they do fit the enrtli. Un piotcetecl by any atmos- 
phere the Biirfaee must I>e liaked Hi* in an oven, Tlic 
other fiide of the planet m expf:>sed, without a slielter- 
in^ hianket, \\^ the inten.se (H>hl of inter- planetary 
ftjMiee; here would ri-i^n [>er[>etual nif^ht nnd un- 
broken, tinimn^inahle eohl. 

The peenliar motion of the i^erihelion of Mercurj* a 
orbit, mefitioEicd in a former pantj^raph. was discov- 
ered by I^ Verrier in IH-t3 and by him explained as 
due to the attraction of a )i1unet, or planets, travelling 
about the sun within tlie ori)it of Mernir>'. Siieh i* 
pbinet was siip{>o?ied to have l)een di?ieovered hy a 
physieian anil amateur ftstrooomer. Kesenrhault, in 
1H59 and waa named " Vulean," It «a^ descrilwtl 
as having an apparent diameter of alKiul 7' and ac- 
cording^ to Le Verricr's eompu tat inns «n*i uluHit 13.- 
0(K).t>01> miles from tin: sun ami revtdvt-d almut that 
body ui Ixrtween 10 and 'JO days, Althougli never 
again seeii^ Vulcan was recognised for a number of 
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years as a permanent member of the solar system. 
Yet it is now practically certain that Vulcan does not 
and never did exists 

Total solar eclipses offer the best opportunities for 
detecting faint bodies near the sun. A planet large 
enough to have been seen with the little telescope of 
Lescarbault should be a rather conspicuous object at 
the time of its elongation and should certainly be 
visible when the direct light of the sun is cut off by the 
moon. For many years every opportunity has been 
utilised and careful searches have been made, but no 
planet has ever been discovered. In 1878, while ob- 
serving the eclipse of that year, Watson detected two 
planet-like objects near the sun and for awhile behef 
in the existence of Vulcan M'as revived. But later 
investigations showed conclusively that Watson had 
seen» not planets, but two well-known fixed stars. 
During later years many photographs have t)een 
taken at times of solar eclipse, some with the especial 
purpose of detecting any unknown planets. In 1901 
Perrine obtained photographs which showed the 
presence, in the immediate vicinity of the sun, of more 
than fifty stars, ranging upward in brightness from 
the eighth magnitude. All of these bodies were 
identified with known fixed stars. From all such ob- 
ser^'ations and photographs the conclusion seems 
inevitable that there can be no intra-niercurial planet 
large enough to appear as bright as an eighth magni- 
tude star. And such a planet would be many thou- 
sand times smaller than the supposed "Vulcan." 
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Vcnux. Of all tin.- larger planets Venus ap- 
ppDnchcs Ihe earth moat iit'urly, bikI is the most bi 
liatit nhjctt iii tlic ht^nvL-iis, tlit sun ami imwHt alfrne 
I'Xii-ptwl- Ijlic Slcrwirj' it omllate** hackt\nnl and 
fnnvmHl, np|R*nririj; Hrst tt* t!ie eastward hikI then 
to the westward of the sun, bnl never ikpaitin^ more 
IhitTi 47^ frtiiii lha( hinitimry. WIkii to the L-aNtwanl 
%i( Ihe sun it inay Iw Kc-cn in the wt^steni sky. shiiunff 
hrilliantly ftjr n few hnurs uftvr .suu^rt; when west of 
the sun it rises before dawn and outrivals all tlie star* 
(if (be ensteni sky. Tlie aiieieut astronomers tlid not 
reoo^nifH" tht- identity lA' the iuoriiiu)( anil evenintf 
sfar^ and named theuk Pbo?i]iliorus aud lleajhrn::! 
respectively. 

The orbit nf Venus is vei^- nearly circnkr, the ec- 
eentricity, 0,(M)«H, Wm^ the wnaile^t in Die solar sys- 
tem- In size il ii4 ahnut 0,72 thai of Hit earth, the 
mean liistancx' of the planet frotu the Hun being ei>- 
]in>ximBtely r»7/i(H»»04H» miles. At inferior eonjuiie- 
tiou Vemis ap]jroaelies t)ie earth to within 'Jfj million 
miles, and then apjiear^ as a thin crescent nearly 67" 
in diameter. At r*u|x^rinr eonjnnetion its {lintjiiiec i« 
over 1((0 million miles and then Venus apjx^ars as a 
round disc some 10" or 11" in diameter. The planet 
thns varies ^^reatly in apparent si/c anri in bri^btneHs, 
While it reaeliea its greatest apimrent diamctc-r at in- 
ferior e4»njunetion, j'ct at that time it ahovm «ich a 
thin illnminated crescent that il is not so brilliant oa it 
becontes Inter when more of the illuminatird surfncc 
is turned toward us. In fact the planet reaches its 
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greatest brilliancy some thirty-six days before and 
after inferior conjunction. At these times the cres- 
cent widens out, until the planet appears like the 
moon five days old* It is tlien so bright that it may 
easily }>e seen in the da^-time and on a clear, dark 
night it casts a distinct shadow. 

Like Mercun', Venus exliibits all the phases of the 
moon. This was one of Galileo's first telescopic dis- 
coveries, and was used by him as a strong argument 
for the truth of the Copernican theory of the solar 
system. In order to prevent any one from claiming 
priority in this discoverj', he published in 1610 the 
following anagram: 

'* Iltec immatura a me jam fnistra leguntar; 
O. Y." 

Subsequently he announced his discovery and re- 
arranged the letters in the above words so as to make 
a complete sentence, which when translated into Eng^ 
lish would read: 

The mother of the loves [Venus] emulates the 
phases of Cynthia [the moon]- 

These phases are repeated every 584 days, which 
is thus the synodic period of the planet; a little less 
than one year and ft)ur months. The corresponding 
sidereal period, or true year of the planet, is 224.7 
days, or it takes Venus only about six tenths as long 
to travel its orbit as it does the earth. 

The inclination of Venus's orbit to that of the earth 
is small, only about 3^ % and the earth passes the 
nodes on June 5th and December 7th. At tliese 



ME^CC'XV ANJ^ yMNUS 



iiS 



tiiiM^ if Ve:;iis l»e in inferior conjunction, the planet 
will a]i[>eur to "Irunsil" rtcniss Ihf ili<.r of the sun, 
and sueh tranMls have been extensively obscn'ed in 
the l)o|»c of obtaining a reliable value of the solar 
parallitv. Tlieve transit?* are extremely rare pheno- 
mena* but five liavtnj; ever l>een obsened. The first 
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iviia seen l)y only two persons — Ilorrox and Crabtrec 

—<m December 4. 1600; the last, in 1881*. was oh- 

sened by niany;n»?*tly ex[H'ditions were fitted <iiit and 

elaborate pir-paratinns nmde by the whole wientirie 

world. These observations failed of their main pur* 

poie.^ but pnned of great value for detemiining tlic 

motioiu of \'ena4. 

Thirteen revolutions of Venus about the sun rr* 

ipiirr *1^'1\A dnys, while in 8 nideri-al yeani there 
> Cofnp«r* ChspWr IV., " Th* DiiUncv of tha Sttk.'" 
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are 2922.0 days. Thus every 8 years the earth and 
Venus return to almost the same relative positions 
in the heavens, and if a conjunction occur exactly at 
the node, then the conjunction will be repeated 8 years 
later within a degree of the node, Venus, however, 
is so near the earth that such a conjunction must hap- 
pen almost exactly at the node in order that there be 
a transit; other^vise Venus passes above or below the 
sun*s disc. If then a transit occur at any time, there 
may be another at the same node at the lapse of 8 
years. After 16 years, the conjunction would occur 
too far away from the node for a transit to take place. 
Each successive period of 8 years will bring the con- 
junction farther and farther away from the node and 
not until 248 years have passed will a conjunction 
again happen at that node. In about one half this 
period, however, a conjunction may occur sufficiently 
near the opposite node for a transit to be seen. The 
transits at present happen in pairs at each node, the 
members of each pair separated by 8 years, and 
the pairs separated by intervals of about 121 years. 
The dates of recent and future pairs are: 

f 1C:?1, r>erember 7. j 1874, December 0- 

1 ir>3a, December 4. 1 1882, Dereuiber 6. 

j ITfil, JuDe 5. I 20(»4, June S, 

t 1709, June 3, j 2012, June 0. 

The transit of 1631 was not observed. It will be 
noted that during the present century there will be no 
transit, and therefore no one now living can hope 
to again witness this phenomenon. 
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The rt-al (Jiiinw'tpr of Vi-niK is nnw known lo he 
iitx>ut 7**:i<i miles, with nn iinc^rtaintv of U-ss than 30 
niik». Thus this plimtt is almost n nmjiltri>nrt of 
the earth in size, its surface hcin^ nrurly nini-ty-fiv<f 
jir-r tTrit. and its volume ninety-twn pt-r *%'nt. timt of 
tht- t'urth, Xcnooifih, in his classii* work. tintU that 
the mass of Hit- htniy ih hul ,j,*,^„ that of Ihc sun. or 
about eighty per cent, of thut of the eartli. The 
avera^' density of >\'uus is, tin'rt*ft>re. sli|fhtly less 
than tlifit of our r>\vTi jilancL Hut. on tlic viholr. so 
far as their general ehu meter istics are eonsidere<l, 
Venus is a twin sister nT the earth. 

Although Venus is our nearest ncighlHiur, yet prac- 
tically nothing is known of the <i>nilitions existing oei 
the planc-t's AurfaccH This is <hie to the ileme at- 
mospherc which siirrouuds the planet and veils her 
mysteries from our ^mx. Seljn»ter in 170? noted tlie 
diminution in hrillianey of the UIm.' near the lenTtina* 
tor, saw the horns of the crescent extend far beyond 
a scmieirele, and explained this appearance i\s ilue 
to tile presence of an atmosphere. This ^new hu 
hccn re]>eatcdly cnntimied and it is now well estab- 
Iishe<] that the atmosphere of Venus is more dense 
thun that nf the earth. To the etftrts of the riensc 
fttmnsphere may \\c aUrihnle<l the faiture of the Iran* 
ait uhscn'ati(»ns to suctvssfully solve the pfohlem of 
the solar pnriithix. A^ the jdantl rntered u|H»n tlic 
disc of the sun, it ap]»e»r^il Kurrnunded hy » Junnn- 
ous riwf^^ due to refraction and rcflecti*«i from tlw 
clouds and vapours Hoating in its atmo.'vpbcre, Ity 
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this the observed times of contact were rendered 
uncertain by several seconds and the obser\^ations 
marred and distorted and rendered of little real 
value. 

Some evidence of the presence of water vapour has 
been adduced. Tacchini and Young both noted that 
the bands in the spectrum due to water vapour were 
considerably enhanced in the spectrum of Venus, 
Janssen, observing with more powerful instruments, 
found only slight traces of water, while Vogel could 
hardly detect the slightest variation from the solar 
spectrum. The light which reaches our instruments 
is probably reflected from the upper surface of vast 
banks of cloud and really penetrates the atmosphere 
of Venus but a short distance, 

Xo well-defined surface markings are visible, yet 
as early as 1643 Fontana called attention to cer- 
tain irregular appearances along the inner edge of 
the crescent. Schroter repeated I'ontana's observa- 
tions and detected irregularities along the terminator, 
larger and more marked than those in the moon. He 
considered this proof of the presence of high mount- 
ain ranges and estimated the height of some of those 
near the southern horn of the crescent to be at least 
twenty-seven miles. Similar obsenations have been 
made in later years by Miidler, De Vico, and others. 
Herschel and other observers have failed to confirm 
these appearances, and it would seem as if the evi- 
dence pro or con is entirely insufficient to warrant 
any definite conclusion. Many of the earlier obser- 
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were undoubtedly due to cbud forms in the 
denie atinosplKTi:. 

As enriy as lHfI6 tlie ddtr Cuksiii! thought tliat he 
lind (k'tcftcd a rotation of the planet in a lilllc more 
than twenty-tlircc hours. Hut Hiiinchini a few years 
later, as the re-milt of an extended series {^f ohiicrva- 
tioiia. eanie tu the conclusion tliut Venus rotates very 
slowly and that her day is equal to more than twenty- 
four of our dayn. Still later Hchroten after nine 
years of piitient watehin^. noted a nmrk near the 
sonthcrn horn which apparently appeared and di.uip- 
]ieare(] 10 a regularly reeurrin^ periixl. Ak noteii In 
the pntedin^ parnj^aph he aserilied this to tlie pre- 
sence of a hi(^h mountain* and determined from it the 
[X'rind nf n>tation of Ih*' ]i1anet as twenty-three hinint 
and tw'enty*eiglit niirMit^s. l)ijrin|( the yean* previ- 
ous to I«*l . De V'ico at Rome made over ten thousand 
oh§ervations of the planet and practically confirmed 
the Riiatioii peri'nl of Scliniler- As 11 n'sult of \\\s 
most clahornte investi^^ation he couelitded that \'enu4 
rotates alxjut an axis inelined 63" to her orbit in a 
|)cricMl of twenty-three hfairs and twenty-one ujitiutrN. 
For many jTars tins rtrsult was verj' ^'nerully «e- 
cTpte<h although some astronomers considered the 
prrjof as inadcf|uate. 

In 18*>0 Sehiaparelli reoix-ned the di>ieii%siom He 
fi.\c<l his nttention on certain hri^ht fifiots near the 
southern horn and wutelied them for many cniL*«cru- 
tive luinr?*. To dn \\m he \m\% nhli^] to nhnrrve dur* 
ing the ihiytirne, and early evening. lie found that 
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these spots never changed their positionB relative to 
the terminator; that during a day's observation the 
line separating day from night on Venus does not 
shift to any appreciable extent over the surface of 
that planet. The theory of a rapid rotation seemed 
to be excluded and Schiaparelli concluded that Venus 




Flo. 23. Chart of Venus as drawn at the Lowull 
Obsepvatobv. 



rotates like Mercurj' and the mooTi, always present' 
ing the same face to the sini. The period of rotation 
of the planet would thus be 224 days, the same as the 
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sidereal period. TIiih Kiirpmiiig and mofit remark- 
able result was ecjitliiiiiod in 1895-y« by rcrrotiii ut 
Nice mid luUrr by l^>well in Ari/^iim. Tnrchini, 
^K^Ias<.'nr!, und CVnilli bavc hInii rrrpcatod tliL' olis«-n'a- 
^"ti'ina ttiui ri^acbcd Ihc wuiic concluMoii as diil the din- 
tihgtiiHhid Italian. 

I On the other hand many observers disagree with 

this result. Tniuvelot, WiliiamH, and llmniiLT Agree 
more ncarlv with llie earlier obftenations of Sdiniter 
anil ninkc the i>en<w] a]»pnixirrifltely twtnly-f'Mir 
hours long. The ftptHrtroseojw luis Urn enlled itjKin 
to decide the qne^tion ttiid B<'-l<i|Hdsky hasi obtained 
«|>crtrn^^niiiis which inilii.-nt<.' u nijiifl notation. Tlic 
observations, hoMever, wert- admittedly tentative, and 
too niudi weight most not be pluceil n))on thcni- 

I Thus the i]Uc»jtton of the njlalion of Venus is alill an 
o|K'n on**: her ihiy may V- siniiliir in IrtigHi U\ our 
own or jx^iK-'lnal day may reigri in one [>ortion of 
the surfiicx.- and jicriK'tuul night on the other. If the 
flIxrctro«ct>]nc: observation l»e eonfinned. then all past 
olw(en-LTs have mistuktn eluud forms for iM-mianent 
features of the surfaec. 

The drawings of the planet obtaineil by I^wcll at 

I FlagNlafT arc reniartnble, Thry mJiow the surface 
crossed by 1jn>ad dark bands, which radiate from dJa- 
tinct centres. These markings, ac*eording to their 
dis(MJVcri:r. are la-nnancnl features of tlit- planet, arc 

I perfectly distinct and invariably visible; nothing but 

[ unsteady air can obliterate them, and at times their 
contours have the "' look of a steel engraving." Tbeie 
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markings appear of a straw-grey colour against a 
brilliant uniform straw coloured surface and seem to 
be *' barren rock or sand weathered by means of ex- 
posure to the sun." It was from these markings that 
Lowell confirmed Schiaparelli's theory in regard to 
the rotation period of the veiled planet. The reality 
of these dark bands has not been confirmed by inde- 
pendent observations, and in view of the similar ap- 
pearances noted by Lowell on Mercury and on Mars 
their actual existence is rendered extremely prob- 
lematical. This subject is referred to more fully in 
the chapter on Mars. 

If the three mountains, indicated on the chart, be 
drawn to scale, they represent astounding elevations^ 
the higher one being fully 240 miles high. 
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/UlARS hfis iK-eii Icnnwii fnim prehistoric times. 

*"* Its hri^flitticss, its brilliant njfl(iy (.*()lmir. ll»e 
e\t<.-nt ami Lxxt-iitricity of its mcitions unions tht' ,sljirs. 
all t*rnd to nxaVc it one of the iinwt projiiirit*iit objci'ts 
in tiiL' tieAVt-ns. It hns always licen wntctied ant] 
AttKlic<l with the tittno^t core and attention. Aria- 
totlc noted Hri ot-culliition of this plunct hy tlit- nuKiii. 
nml inferred therefrom the greater distanee of the 
bloody stun Knini the ohsonntions of Tyelm Urali^* 
iiI>on tilt- |Ht^itioii» of the plmiet Kepk-r found Ws true 
orbit. dcdiiee^I Iiih eelebratt-d lu«s of inntron, uikI 
mode the first ^rnnd step in our knouled^^ of tlie 
nicehanicfll ninstnietion of the solar aystcm- 

Anioii^ Ibe early aHtnninnieni rapidity of tnotmn 
WAS tl)C only tTitcrion of di,stan<ti. Mars cnnipletes 
a circuit of the heavenA in iilKnit two yeara, and hence 
in the sysletn of Plnh-niy Hmk planet waji pl«*f^l at a 
ifpcater dislanee from the eorth Ibnn the sun. Co- 
licrnieiis gave to the world the tnic n>necplion nf the 
solar syslenj arid estimated very eUweiy the pnii>or* 
tionate distamv of Mars froni the sun. He showed 

>9> 
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that Mars is abnut \\ times as far from the sun 
Is the earth, but this latter distance lie knew only very 
inaccurately. He showed that the distance of Mars 
from the earth varied enormously and that the ap- 
parently eaprieimis ebanges in brilliancy were coin- 
cident with tliese variations in distance. 

Mars revolves around the sun in an ellipse, the 
semi-axis of whieli is L,j2 times that of tlie earth's 
orbit, or 14h5U0,000 niiles. The eccentricity of the 
orbit is O,0in% so that the sun is some 13,aiJ(),00C) miles 
from the centre of the curve, and the jietual distance 
of jVtars from that central luminary varies hetween 
128 and 154* miHion of miles. The earth takes 365J 
days t^ travel nnce around its orhit. Mars requires 
087 days, or 1,88 years, to complete its path. 

^AHien Mars is in the corresponding pnrt if its orbit 
as the earth, the planet appears directly opposite the 
suii» and is said to be in opixmiiun. At these times 
Mars is on the meridian at midnight and is, therefore, 
in the most favourable situation for observation. The 
time from one o]i[K)sitinn to the next is called the 
synodic period, and this peri^xl is longer than tlie 
true orbital or sidereal period of 687 days. Starting 
from corresponding parts of their respective orbits 
the earth and Jlars move around the sun in the same 
direction, the earth moving the faster of tlie two and 
dropping Mars farther and farther behind- When 
the earth has completed one revolution and returned 
to the starting point, IMars will have covered ^^ of 
its orbit and will be just approaching superior con- 
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junction. Frfim this i>oint on the earth g&ins on 
Miirs, hut not until Mars lio^ 4^0111 jjlctcil mijrc than 
mvL nrcuit of the hiavL-ns tW-s the t-iirlli overtake It 
am) the second opposition occim Tht synodic period 
is thus 7HU dtiyTi, or *i ycurii and .30 days, the longest 
in tile phinetHry syslctii. Sutvessive Dp]K)sitions oc- 
cur thus at different ]Hjrtinn5 of the planet's orbit, 
and on account of its reccntricity the distance l>e- 
hueen Mars and the eartli, at these times, varies 
widely. At the averaj^ opposition Mars ajiprnaches 
the earth to vsillnn 4K.ti(>0,(H>o miles. If an op|H>5i- 
tion hupiKti when .^lars i% near }ienhelion thi,*i din- 
tance is reduced to 35,()0(),mw; hnt if the np|>osition 
occur at aphelion Ihn average distance is ujcreased 
to fil.WO.OOO miles. 

The ap|wrent tliamctcr nf the planet as viewed 
from the earth varies irnersely as th«^ distanee. 'Hie 
nearer the ]»lanet is to Hit t-arth the larjjer it appears. 
Ilencc at an op]>ositton near ]>crihdion Wvc disc will 
apiwar nearly tviec as lar^e as at nn rippnsition near 
aphelion, and nearly ei^ht times a-s lar^fe n.-i when tlic 
planet is in conjunetion. The hrightiiesa of the 
planet varies ver^' nearly as the stpiarcs nf the«' num* 
hers; so that at a favourahle oppusitinn Mars is 
nearly four times iis t»ri^ht as at an unfavouruhle one, 
and sjinie fifty-three limes hrif/hter than wI»cti in eun- 
junction. When near conjunction, Man* is a very 
inconspicuous morning or eveiiin>( star, being posai- 
hly a little brighter than the ]>ole--star; in a favourahle 
opix>sition, on Uie otlter hand. Mars shines forth in 
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the tnklniglit skr, far more hrilliantly tliaii any of 
fixed stars, 

These great changes in the apparent disc of the 
planet are shomi in the annexed figure, which shows 
the planet in various relative positions of its orbit 
drawn to a scale nf 'iO" to one inch. At a favouTable 
opposition the planet appears 24". 8 in diameter, at 
eonjiioetiun 3"'.fi. That is, under the most favour- 
able eireunistances, Mars appears as large as would 
u silver twenty-tive cent piece at a distance of six 
hundred and fifty (fi50) feet. 
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These favourable oppositions occur at alternate in- 
tervals of fifteen and seventeen years. As the aver- 
age synodic period is some two j'ears and fifty days 
long, each successive opposition will fall about 5^ or 
one seventh of the eireuniferenee m advance nf the 
preceding one. Thus the seventh opprjsition will oc- 
cur verj' nearly in the same part of the orbit as the 
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Hrst. and st-ven opjMwitiona require ivithiii a few duys 
pf firtL-t^n years. In fact in seven synodic periods there 
arc 3-n;o days, while in eight ccai|jlulc rcvohitions of 
the pluiR't Uicre are 511HS ilay^, ur the seventh uppusi* 
tion "ill oteur tlurly days Iwfore the planet arriveBat 
that part of its orbit in which tlie first happcnciL 
The (iftoenth op|>osttion falls still more closely up<in 
the ^mc [mrt of the orhit as the first, occurring only 
Iwcnty-onc days after the planet ha^f paNHe<l the i>oint 
at which the first occurred. The \fvi\ jjcrihelioii op- 
position occurred in 1802, the next will conie in 1909, 
allhouKh tiiiit of UHJ7 will be verj- nearly us favour* 
Able. The following tuhle sliowii the dl-itiiiice and ap* 
parent diameter of the planet at the various op[K>ni' 
tinns during the last cycle from 1S92, 

]>:if!>. JiiDiiJiry Iff, 
1W>1, >Vl>rpury 22. 
r>03. Aj-HI a, 
1!»KV May m, 
VMM, July \X 

Hie orhit of Mnrs lies in a plane inelineil hut 1' 13' 
to the plune oT the eeliptie. The aseendioK no<le ia in 
lv>itgitude M°t while tlie [>erihelinn \s in aBfl\ Hence 
near perihelion >fnrs will iiIwrvs he south of the 
ecliptic, and near nphelion ii'^rtlu The earth passes 
the line of apsides in hingitnde a«3" on or alwut 
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August 27th of each year, so that the most favour- 
able oppositions always occur late in August or in 
September, 

The first recorded telescopic observatioHS of Mars 
were those made by Galileo. By December, 1610, he 
had noted that the planet's disc was not perfectly 
round, and that it exhibited phases similar to the gib- 
bous phases of the moon. As the orbit of the earth is 
wholly inside that of IVIars, this latter planet can never 
pass between the earth and the sun, and, therefore, 
can never appear as a crescent. At opposition and at 
conjunction the visible disc is fully illuminated, at 
quadrature a portion of the illuminated disc is turned 
away from the earth, so that the planet appears de- 
cidedly gibbous. But the unilluminated zone never 
exceeds one seventh of the entire disc; Mars appear- 
ing, under these circumstances, somewhat like the 
moon two or three days before or after the full. The 
phase is a little more marked than this when quadra- 
ture occurs near perihelion, a little less marked when 
the planet is near aphelion. 

The earliest drawings of the planet's surface were 
made by Fontana in 1636, and these drawings are 
still extant. They show the bright disc marred by a 
central dark spot and by a dark ring near the edge> 
Fontana described the disc as showing several colours, 
and the planet as being brighter than any of the heav- 
enly bodies, the sun alone excepted. Unfortunately, 
however, nearly all these markings of Fontana can 
now be sliown to be optical illusions, to be due to de* 
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fects in his puny telescope. The first reliable sketches 
were made by 1 luyKhoiii* in l*i*>l*, when he noted ccp- 
biiri t'harmtmslic niarkin^^, wbit-h ran be reeo^iiisetl 
to-<]ay and identified with certain i>erniaiicnt features 
of the plunct, W'ljilc wulehin^^ tliesc spots, he noted 
tlicir nKiVLiiLirJit arn^ss the disc of the planet and in- 
ferred a rotation of Mars, similar to that of the earth, 
in twenty-four (24) hours. A few years later, in 
1(1G<!, Ca-HHini nmdc niiieh more elalxirate drawings 
and dotorrnined the [Kinod of rotation to be 2i hours 
and 40 nannte^;. 

These early drawings are of great vahic to-day, us 
the)' t-nablc us tn make u most ac^'urate determination 
of the ndalion IK-Tind of tlu' planet. From motiern 
obacrvution^, extending ovtx a few days or weeks, the 
length nf the Martian tlav eun l>e found to within a 
second or two. With this a|>proximate [wrioil, the 
whole mimlKT of rotat>on,s Inrtwecn any two olwcr^'a- 
tinn«, or rira wings, can readily be rnknlaleiL no 
matter how many years may st-jsarale them. A eom- 
pariRon uf the modern and nneieiit drawings will fur- 
nish Ihc outstanding fractional part of a revolution, 
anf] thus the jHTim) of rotation be fixed with great 
precision. In this way Prf>etr»r, Kojser, Itakhiiyzent 
and others have determineil this pcriofl. Of all these 
nualem vahies that of Tmetor, 24h. S7m. 22.71s., 
ia the largest, that of Schmidt, 24k 37m. 22.Wls., the 
smallest. Ilicse two determinatinns differ by only 
0.1s; the mean of a nunil»er ut the hesl modem 
vahiGs is given by Flammarion as 24h. S7m. 22.ff^« 
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and this is probably correct to within a part of a 
second. 

This is the sidereal rotation of Mars, corresponding 
to the sidereal day on the earth. Now a Slartian 
year is 686-98 of our mean solar days long, and each 
Martian sidereal day is, as above, 1,026 days long. 
Hence a Martian year consists of 669.6 Martian si- 
dereal days- And as in each year the number of 
sidereal days exceeds the number of solar days by 
one, there will be 668.6 Martian solar days in a Mar- 
tian year. Therefore 686.98 of our mean solar days 
exactly equal 668.6 Martian solar days, or each 
Martian solar day is 24h. 39m. 35s. long. 

The axis about which Mars rotates is inchned 24* 
50' to the plane of the orbit, and therefore the sea- 
sonal changes (so far as they depend upon this) on 
Mars should correspond very closely to those on the 
earth. The surface of the planet is divided into tor- 
rid, temperate, and frigid zones. Every place sit- 
uated within 24° 50' of the equator will have the sun 
directly overhead on two days of the year; every place 
within 24° 50' of either pole will have days when the 
sun remains constantly above the horizon, and peri- 
ods when the sun never rises. The plane of Mars' 
equator cuts the plane of the orbit in a line directed 
toward longitude 87°, and this point of the Martian 
heavens corresponds to our Vernal Equinox. WTien 
Mars reaches this point of its orbit, the sun will be 
on the equator and it will be the beginning of spring 
in the northern hemisphere. ^Vhen the planet reaches 
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longitude 177' tlie ntirtli jwile will be turned toward 
Itit suii» and it will be the iiiuldlc oF summer in the 
iKirthcrn ond the middle of winter in the southfrn 
licniisphcre. These seasons on Mars are nenrly 
twiee as long as ours, summer in the northern heini- 
spht're la.<jting r^HI days and winter only TiUii. At the 
north pole the night is aOU days long, thrn Uiv -HHl 
djiys the sun never sets. In the soiithcTn iH^niisplure 
llie winter is longer than fiummer, the night at the 
soutli pole K'ing 381 tiays iukI Ihe day Jt4Ml days long. 

Tliese scaMinal ehangefi dcj not neec^Lsarily indieate 
radieal elimntie difTerencrv such as exist on the earth. 
The planet is so far from the sun that the amount of 
iK-at and light received is much less tlian reccival by 
the earth. The mean apparent diameter of the sim 
as seen fnim Mars is only til' 'i". aJwut two thirds that 
as seen froni the earth; and the ammjnt of heat re* 
eeived from the sun is only atxint four tentlts that 
which we ri'ecive. Again the physieal (^fintlitions of 
the jilaoet itself, the ileTtsity an<j (Ninntitution of ita 
atmosphere. Mill modify tremendously any conclu- 
sions that miglit Ikc drawn from the seasonal effects 
only. 

The first reliable measures of tlie size and shape of 
Mars were those made bv Sir William Herschel in 
17B4, who foimd the appan^nt iliameter of the planet 
at distanec unity to be 0/13. lie jdsrj nnted a fat- 
tening at the iMilcs similar to the known ellipticity of 
the cartli. Ae<*ording to hirn. however, this |>olar com- 
piT«ston was nuieli greater Ihnn that of our planet. 




I 



302 THE SOLAR SYSTEM 

being nearly ^. Modem observations make the 
diameter somewhat greater, I^e Verrier placing the 
equatorial diameter at 11. "1, others making it as low 
as 9, "2, The measures are rather discordant, but 
with the exception of that of Le Verrier, which is 
manifestly too high, they all range around 9/33, 
With a solar parallax of 8.''80, this would make the 
real diameter of Mars 4210 miles. An error of one 
tenth of a second of arc in the measured diameter is 
equivalent to an error of 45 miles in the real diameter 
of the planetp As the error, if any, can hardly be as 
large as this, the size of Mars is known with extreme 
accurac}\ 

The surface of the planet is very nearly 0.28, or a 
little less than one third, that of the earth. This is 
but a trifle more than the total area of dry land upon 
the earth; in other words, if on our globe the oceans 
and seas were eliminated and the continents fitted to- 
gether, the result would be a globe only a little smaller 
than Mars. The volume of such a globe is 0.149, 
or about one seventh that of the earth. 

The mass of the planet can be determined with 
great accuracy from observations of the satellites* 
discovered by Hal! in 1877- Newcomb, in adopting 
the Hall value, shows that it cannot be in error by so 
much as two per cent, and that this degree of pre- 
cision is much higher than could be obtained by any 
other method. According to Hall the mass of Mars 
is 0.105 that of the earth, or a little less than one three 
millionth tliat of the sun. As its volume is one 
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illi, whilo its mass is only one Itriitli that of tlie 
earth, \\s nvcrfij^e {lensity must lie ^lii^htly siimller 
llwii thut of our plimct, I>ciiiK in fact almut sl'vcii 
tenths flA ^rcat. ur alujitt ffuir tliiLc^ that of water. 

Th(? weight of a boily at tlie <iurfaee uf a plniiet flc- 
[>eik<1s upon thi-- attniotiofi of u^Avitntitm, ftrnl \\\\s in- 
crcftsts with tlic ijioss and decreases with tht- square 
oT tilt- iharni-trr of the plKJict. As Mnrs i*oiitatrL^ only 
oi^ t^^rith UN niiiL-li inalttrr a«i the earth, itK attraetii^n 
at efpiiil (hstnn(?cs will be only one Icfith as ^rcnt, 
but, on the otht-T hand, the surfjitx- of Mars \% only 
one half ns far from Ihe centre «« is tlie earth's siir- 
faoe, and, on this atrount, the attraetion will he 
^uadnipledn Thus the surrna- ^rft\ity of Mar? i^ill 
lie ahoiit fnnr tenths (0.<1«) that nf the e«rttL If a 
man of the avera^^e wri^ht of 1.10 jxtunds eoitld lie 
transported to Mars, he would there wei^h \M\ jxiund^ 
only. If he retained hi.s museular .stn-n^th, hin ae- 
tivity would In- wonderrnlly increased, he couh! run 
faster and jump farther. 

The stuiiy of the jihyi^ical eharaelcrislics of the 
planet*H snrfatx* began in 17H4 with Sir Wilhani 
Hepsebel's explanatioik of the " ix^hir rapn," TIh's*' 
brilliant white s[Jot\ whieh eap eaeli i>o|e had he*'fi 
aeen and sketehed hy Cassini marly a hundred year* 
previnusly. hut l»e hiul not rectiK^iiHeil their true nature 
and si^ni(iean(H\ In the ^^rent retleeting tel<->fceo|>eH 
confttnieted hy Ilersrhcl the planet wixs seen as never 
before and during the opponittnns of 17ftl and 1788 
tlie polar enjw u-ere seen and studied nn many r*-cii- 




i 



304 THE SOLAR SYSTEM 

ings. They were generally circular in shape, their 
centres being near, but not at the poles; and they ap- 
peared to alter in size* In 1781 the southern cap was 
perfectly round and quite extensive, stretching 20" 
to 25° on every side of the pole and covering the en- 
tire polar regions above Klartian latitude 65", By 
1783 it had dwindled to a mere spot, barely covering 
the pole- It was not quite symmetrically placed, 
however; the pole being within the spot, but not at 
the centre- As the planet rotated each day, the spot 
appeared to describe a minute circle upon the disc. 
These changes in the size of the spot were found by 
Herschel to depend upon the Martian seasons. Dur- 
ing the months of the long polar night, the spot in- 
creased in size, only to diminish during the alternate 
period when continuously exposed to the direct rays 
of the sun. Similar phenomena occur on the earth; 
every winter vast fields of ice are formed and snow is 
deposited over great areas in the northern hemi- 
sphere, thus forming a brilliant white cap around the 
north pole. Every summer much of this snow and 
ice melts and the cap dwindles in size. Reasoning 
from this analogy Herschel concluded that the bril- 
liant spots visible on Mars are due to the formation 
of real snow and ice during the Martian winter, and 
that their diminution Is due to the melting of this 
snow and ice during the long days of summer. 

The polar caps of Mars and the changes they un- 
dergo are illustrated in a series of beautiful drawings 
made by Keeler at Allegheny during the opposition 
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of 189S. The first drawing shows Mars as it aji- 
peared mi Au^ur^t 22d. Iho last as on Seplt'iiibcr 
18Ui- During thi.<i interval ut' twenty -Steven day a, 
tlie cap shrank apprix-iably, diminishing tu abuut one 
Imlf the* -sizv shown in the first drawinf^* 

Hers<!hci"3 explanation of the imiar enps, as tnw 
ice caps, ifnI)lit^•i the existence nf an atmosphere snr- 
rotindin^ and enveloping tlie planet, an ntniospherc 
in which the vapour of water la carried fn^ni Ihu warm 
regions of Uie e([nator and dciiosited in Ihe fnnn of 
sjiow At the poles. That Mars ts surmnnth^l hy an 
atmosphere there is an alninclanee nf pn^of, hut that 
the atinosplurrc is similar to that uf the earth is not so 
well established. The existence an<] liehaviour of the 
[xilar caps proves wiUinnfr cpiestion the presence of 
an iilmosphere cftnsisttiig of some s<irt of va]>f»ura 
which are i*ondcn,^d and precipitated hy c(jld, Thi* 
atmiksphere !s. however, extremely rare ami transpar- 
ent, and olTcrs liUle or no nhstruelioTi to the detailed 
study of the planet's surface. < |ou<ls, if any exist, 
are very infrcfpicnt, very thin, and st^ni-transparent. 
No ^rcat opaipie ma-sses of vaiKnir, similar to Ut- 
Pcstrinl storm clouds, have ever l>een noteiL Certain 
obaeners liavc reported, h<iwcvcr, at limes the pre- 
sence of a very thin haz*-. half veiling the surface mark* 
ing9U This hnzc ap[K*ars crter the ef«»ter |HirtionK of 
the planet's surface, cs|)eeiaHy over portion* of tliat 
hemisphere in which it is winter, stld'aii over the 
e<)uator. As a whole t)ie atmosplien: ia rcmarkahly 
clear and transparent. 
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JVIany attempts have been made to prove by means 
of the spectroscope the presence of water vapour in 
the Martian atmosphere. The light which we receive 
from Mars is sunUght, reflected from the surface of 
the planet and which has, therefore, passed twice 
through the Alartian atmosphere. Vapours in that 
atmosphere will absorb their own characteristic rays, 
or wave-lengths, of light, and make their presence 
known by modifying the solar spectrum. In the 
early days of spectrum analysis Huggins and Vogel 
established, as they thought without doubt, the pre- 
sence of water vapour in the Alartian atmosphere. 
As a result of his researches in 1872 and '73, Vogel 
wrote; *' We may conclude with certainty that Mars 
possesses an atmosphere, which in composition does 
not diifer essentially from our own and which is par- 
ticularly rich in the vapour of water." But vapours 
in our own atmosphere similarly cause absorption 
bands and make it extremely difficult to determine 
with certainty whether an obser\'ed effect is due to 
the Martian atmosphere or to our own. And recent 
investigations indicate that Vogel's conclusions were 
too hastily drawn and were of too sweeping a char- 
acter. Observations carried out at the I^ick Ob- 
servatory, with the most powerful instruments and 
under the most favourable atmospheric conditions, do 
not show any indication of water vapour on Mars. 
The theoretical researches of Jewell in Baltimore 
show that the largest instrument yet constructed is 
not delicate enough for these observations, that it is 
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useless lo attonpt to prove hy ihe spectroscnpt* the 
prcHt'iKv ur nnii-prrsL-rit'e of wattr vujHmr in Ihr Mar- 
tijiii at!ll0^pfK■^t^ SiK-ctnini niialy-tih tliiis fails to cs- 
tiiMjNh unytliiii^; definite in regard to tlic atriiMSplteric 
coiulition.*! nn Mars. 

In uddilion to the i>oIar rap*i, the snrfnoo of Mnre 
presents iimny Mtriktn^ uiiiJ ixnimiicnt fejitna*':. 
Under ordinary eonditions of M^eiii^, the iiisc appears 
a deep nid<Iy t**>loiir. and agaiiiHt thi.n nraitge haek- 
fjroiind dnrker, ^rey-Kreen spats and markings are 
j*een, Fontnna ree<»nled his impression of varying 
cohnirs end Iluy^In'Ms left skitehrs whieh distinctly 
»1k.ih' the broader featua-s of the planet s marVinxs, 
Itiit it waK ni>t nritil the middle of the InM i^eiitury 
that tJiese Miirfaee niarkin;js were carefully studied 
and eliarterl. and eoni]>Iete niap*^ uf the planet drawn. 
lit^T and Maedier e\<H*uted the first Martian survey 
and published their niap in 1840, Thir4 was marie on 
Mercalcjrs projetlion luid slioHcd the larger mark* 
in^ji oidy. Sufj^etiut-nt niupj* xhow more and more 
detail; eaeli nh*er\er suw %\li«t his pnsU'cessor liad 
acen ami something more, thn>i adding hi^ mite to tlie 
geografihy of Mars, Fullouiiig the lead i>f Her- 
schei the lighter ]nirtions of (he Mirfaee were thought 
to be ecintinenU and tHlandft, the darker portions 
seas and ocenns. Names were asMigned to thu- more 
pn)minent feiiton** and the Miirlian mapi of ftirty 
years Ago were as complete and full an Mere the maps 
and eliarts of our own world, 

SdiiaimrelH was tlir tirsl to douht this orthodox 
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conception. During the favourable opposition of 
1877 he resurveyed the planet's surface, using the 
8.5-inch equatorial of the Milan Observatory. He 
found on the continents a number of straight dark 
lines, which he called " Canali," or channels. In the 
next opposition of 1879 he confirmed this discovery, 
re-obsen-ed most of his old canali, and discovered 
many more. He considered these as permanent and 
natural features of the planet and likened them to the 
English Channel, or to the Channel of Mozambique. 
In fact his first map depicted them as narrow and 
sometimes winding channels separating the conti- 
nents and dividing them into a great number of 
islands. In each succeeding map, however, these 
channels became narrower, straighter, and more num- 
erous, until by 1888 the continents were furrowed by 
a fine network of intersecting lines, which had " all the 
distinctness of an engraving on stceh" 

For many years the reality of Schiaparelli's dis- 
coven' M'as doubted, but in 1886 Perrotin noted a 
few of the larger canali and confirmed the existence 
of some of Schiaparelli's markings. Since that time 
many astronomers have observed the more prominent 
channels and to-day the reality of at least some of the 
markings first described by Schiaparelli cannot be 
doubted. But there are still a number of competent 
obser\'ers, provided with the largest instruments and 
in the clearest and best atmospheres, who are unable 
to see the net of fine sharp canali described in the later 
papers of the brilliant Italian. The beautiful draw- 
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ings of Kcclcn Campljcll, and Ilarimnl may rontnin 
traces of llie larger and lun^r cluinnol^. l)ut they du 
not sliou' thr ^ysUnuH of rudjatin^ liiR's si'cn by Schl- 
Aljarelli, Klaminari'tiu an<l LotvcIL 

At \\\V *^]J|J^l^itinll nf \H\\1 PicVenn^ lit Arri[iu|m 
dcU.'ctcd ntaiiy of the eanntl aiul (iliNtrvt-d luiiiicrous 
flniall round spots, or lakes, at the inttfrscctions of 
the cAfmlJ. Ilul oKirt- notahk was his tliscovery of 
KlrL^ak-s iTOHsin^ and reonissin^ Ww darkr-r [wirtinns at 
Ihe planet: rhannclfl in the muUt of the Aeus and 
o(^-an^1 Similar ]>lKrioinc-na wurc ACt-ti hy othrrs, and 
niouiitain [x^aks and variationa in level were discov- 
crt'd- Tho Mirface nf tlic- planet was found to be 
rou^h and uneven, antl these irreifularitics of level 
, HTre found on the darker as well as on the lighter, or 
land, p<»rtinnN of the planet. Tiiev.* oliM^-r^-alitinfl 
foWkhI the seas ami <Kvnns of their water, aiul shnwed 
them to )w hut different eolourvd )>ortioa^ of tlie 
plant-t s disc. 

The Mcpirnee ifi Miirtinn iliM*tivery !« thus tersely 
put hy I-owell: "A surface thought at flrst to he part 
land, part water: the land luxt seen to he fkrained uith 
straits; and Iji^tly the sea made out to lie land." Thi^ 
iitor\' is paralleled in the case of the nuMin. The 
familiar dark nmrkin^fs of our satellite, '' the man in 
the nio<jn." wt^re for many years thnn^zht to \w seas 
and oceans and they still Iicar the old Ijitin names. 
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CHAPTER X 

TTAft MABS CANAI^? 

A CANAL is an artificial waterway for navigation 
*^ or for irrigation. The word implies artificial 
construction by conscious, rational beings^ working 
toward a definite, useful end. While a canal is 
usually a long, narrow, open ditch, the idea of size 
and shape implied in the word is subordinate to that 
of artificiality; the word is never applied to a natural 
waterway, however mucli it may resemble the or- 
dinary canaL Channel, strait, river, and canyon are 
used for the various ty])es of natural waterways- 
Before a canal can exist there must be conscious effort 
directed toward its construction, and there must be 
water to flow through it. 

By the mere use of the word canal in connection 
with Mars, tliere is implied tlie existence of water on 
the surface of that planet and tlie presence of beings 
of sufficient intelligence and mechanical ability to 
construct elaborate works. There are certain faint 
markings on the surface of that planet which are 
loosely and unfortunately termed '' canals," but are 
they canals in the literal sense of the word? Are the 
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ft-HHiiniptiojiN impHefl m tlie use of the word justified, 
does there exist on Mara a sinj^Ie real caiialf Schi- 
a|mn,:lli, who diKCovcrcNl these peculiar markings, cer- 
tainly dill nnt tluiik SG, when he tLTnie<) Iheiii '* eiiiiAli " 
and likenc<] them to the Kn^lish ('haniiel. I*o|mlnr 
and uns<.'ientiHe translations, however, turned tlic 
'*canali " of 1877 into the canals of to-day and pen- 
ple<l Mars ivith a race of !ii][iennr heings. Sehl- 
aparelli, hiiiiJiiclf. in his later (hiyfi iKvanie wnivimvd 
of the artiHeiahty of these markings and the imposfti- 
bilily of their being the result (»f chance. Flani- 
ntarinn in Kranee and Lowell in Ihis country follow 
Sehiaiparelli inid eonfidently assert thnt these* mark- 
ings arc really eanaU and ttiat Mars ta mhabitcd; 
I^well going so far its to say '' WTiat we sec hints of 
the exislcnee of heings who are in advance of, not be^ 
hind us, in the ji»uniey of life/' 

There is nothing im|>f>ssible. or even [mpn>bable, in 
the idea that life may exist on other worlds Ihan onr 
own. The earth is not inii<)ue, in tlic universe there 
most be many Ixxlies of the juune general cliaraeter- 
istics. The earth is but one of a group of planets, 
which together uHth the sun fomi tlie M>tar nyideni, 
ami in the heavens there are e*>nntless millions of other 
suns, each |>er)iaps. many certainly, attended by itn 
ftwann of phincls. Life, even ermftcions intrtligent 
life, flonri^lies under tlie mo«t diverse conditioas on 
this glohi' and it is hardly conceivable That among all 
the iKMlie^ of the iniiverw niir filtle planet i"* the only 
one capable of supporting some fonn of life. Wliile 



I 



2 1 2 THE SOLAR SYSTEM 

there are thus nia»y reasons for believing that life 
may exist on other bodies of the universe, are there 
any sufheient grounds for supposing that life actually 
does exist on a particular body? The fact that many 
bodies may possibly sustain life, does not prove that 
Jlars is inhabited. The question in regard to Mars 
is one of evidence, and the evidence rests upon the 
canali. Is there sufficient, is there any evidence that 
the canali are artificial, that they are true canals? 

Lowell has sx)ent many years in collecting evidence 
to prove this point, and puts forth this evidence in 
most enchanting style. Having at his command all 
the aids of modern science, — a 21-inch telescope of 
superb construction placed under the clear skies of 
Arizona, — he has gathered a great number of detailed 
dravnngs of the planet's surface, has measured and 
mapped the canah, and has succeeded in taking some 
remarkable photographs. A brief resume of his 
work and theories will be of value in forming an 
opinion on the evidence he presents. 

The canals as drawn by Lowell and his assistants 
differ radically from the " canali " first described by 
Schiaparelli and now recognised features of Mars' 
disc. The markings shown by the Flagstaff astrono- 
mers are geometric lines, looking as though they had 
been laid down by rule and compass. Each line is of 
uniform width from beginning to end and stretches 
across the planet's surface in an undeviated, unbroken 
course. Lowell likens their appearance to that of 
telegraph wires hung on poles and reaching from citj' 
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lo city. In aotiifll width thtst lines van- — 2 to 3 mJlca 
is Ur- ustiumtrcl widtli of the imiTtiwi.'?it, while fnnn L> 
to 2U niilrjt is the |jrii)iuhlr \uIiR- fur thtr marc distinct 
lines. The len^h of these hncM is eni^mious; the 
longcft cjccwd.i l%hm tuik'8, and many stretch t-*o*M> 
and even .'100(1 rnili-'M aiT'is\ Ww: siirrncc of this Htnni^e 
planet. More renin rkiiLiJe than their Iciij^th is the 
directTics,s of these lines, — Iht'v always take the short- 
cat, the great circle, a>iJrse iHrtwcen tlic two points 
lliey joiiK Allowing for the Inr^r size of the earth, 
finch a line fls the more distinct nnes would stretch 
from Ij'indon to Calcutta, cro&sing nionntains, plains, 
and sea.N in an tuihroken straight hand forty niilc^ 
wide. 

Thei*e lines when plotted npon a rhart ffimi a com- 
plete network over Ihc jjurliKx-. At the extrcniitios 
nf each lirie others l>cgin and extend to distant {xkints 
of the planet. In hut few cases do the lines cross one 
another, as a general rule tliev intersect at their ends. 
The surface thus ap[H-ars to be cut np into a f^rcat 
nuiti)>er of meshes of varinus Nha|>es and ?«izes. Tbc 
nieah bec*onies smaller and the lines relatively more 
numerous near the jh^Ics, TIk-v appear to riin into, 
or cniaimte fnmi the polar caps. No jwrt of the 
Martian surface !■* entirely free fmni this aU*enihrae- 
inir network of line*; thej- furrow tlit bright con- 
tinental areas ami cross the dark " sens," The dark 
lilue-^^vn patches in the northern iHtiiispherc arc 
eireuniscril>tMl and traversal hy these lines; and nil 
these line* and meshes are conncete<l with and form a 
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cfintinufltion of the general sj'stem which covers the 
planet. The eontinuily and systematic arrangement 
of the^e lines im shown in the beautiful map repro- 
fluce«l from I^well's Mars and its Canah. 

'V\\\*i map shows another characteristic feature of 
the lines and meshes as drawn by LiOwell,— the dark 
round dots at the principal intersections. Thej- were 
first detected at Arequipa and appear both on the 
light ami dark areas of the planet, and are termed by 
IjOwcII " Oases." In all 186 have been observed, of 
M'hich inmiber 1*21 lie in the light regions and 65 in 
the dark areas. 

As if tlic phenomena already mentioned were not 
of thcnisflves sufficiently peculiar, a still more weird 
observation is recorded. At times the lines, the so- 
called cunals, appear double. They geminate and 
U'conie two close parallel twin lines. This most 
strange sight was first witnessed by Schiaparelli in 
1871>. Since that date this assiduous Italian has ob-* 
served the phenomenon many times and Lowell at 
LMag.stalT has witncsseil it several hundred times, and 
destTibes tlic genuniition in the following words: 
" WhtTf previously a single pencil-like line joined 
two well-known ])oints npnn the disc, twin lines, the 
one the replica of the other, stand forth in its stead* 
The two lines of the pair are but a short distance 
apart, are of the same size, of the same length, 
and absolutely eqiiidistant throughout their course," 
When once strn as n doultlc, the line remains thus for 
a pcritxl of four or five montlis. IJut not every line 
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exhibits tlii*i peiiitiar uppenrunw; ninny lines never 
apiwiir tiouble. In fact only nUmX one eijcbth of the 
lines mappt'd at Fla^^tatT have ever been seen to 
l^'minatc. And IliU |>n>|it'rty of apiK^ariti^ dc*nbl*.- 
seems to be inliercnt to certain dffinile lines; these 
lines and no others jxjssess this projK-rt^', 




OMItVATOMV. 

This ^niination of thr lines 15 seasonal; onlv in 
certain Martinn W'a*i>ns ilo tfie lines appear pnimi- 
liently double. The lines, Ihentselves, seem to be 
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permanently double, to actually consist of two simi- 
lar parallel lines, but the strength, the appearance, of 
the constituent lines varies. At times one line of the 
pair is relatively strong, the other weak, and the pair 
thus appears as a single line. Ih certain other sea- 
sons the constituents are equally strong, and the line 
appears clearly doubled. In the late Martian sum- 
mer and fall of the northerH hemisphere the doubles 
appear to their best advantage. Some three months 
after the summer solstice gemination occurs and for 
some four to five months the lines appear double, then 
one constituent fades away and the single stronger 
element alone is visible. 

All these various appearances, or pseudo-appear- 
ances, are explained by Lowell as being due to an 
actual canal system, constructed for a definite pur- 
pose. Modem observations have conclusively shown 
Slars to be a dry planet, to have very little, if any^ 
water on its surface. The so-called seas of fifty 
years ago are not real seas; islands and continents, 
shown on Proctor's map, are noM' known to be arid 
deserts. Upon these facts, Lowell builds his theory. 
According to him, what little water there is on the 
surface of the planet is confined to very restricted 
areas, appears as vapour in the atmosphere, and is de- 
posited in winter at the poles in the form of snow. 
Under the action of the summer sun, this snow-cap 
melts and the water is conducted through the system 
of canals to various portions of the surface, irrigat- 
ing and fertilising the nearby fields. Along the 
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caiiftlfi and in the districts mttortd hy them vegeta- 
tion ?(]jni]g!i uj), and tlio \i.sil>k- tlian^^fs in Die plaiuft's 
surfuc-e urt' t'liusL-d l>y llic growth, iiirttiirity. aitd 
ilecay of ltii*« vcjjttatioih \\\\^\ wc siv arc not 
the canaU. but the hroad IkiiuIh of ve^tatiim on 
their banks: the sens arc vast areas of irri^nlcd 
hind, resembling the rtclnimcd lands of oor western 
dejKrrts, 

That thi'se are caiialfi and not natund waten^ayg 
i* sufftfirtBted by their reKiihirily, by their artificial ap- 
|fcaranee, No rmtural walen'tjurnrs or earth craekn 
show any such n'^id;inty, and u[xm this rtgidarity 
of api>earaiK*e and sj'stematic arranj^emcnt l-owell 
bases his opinions, Kight p<iint<i Ik* cites as evidence 
or their arlificiaht>'. and tlic^c d^ht points arc ^ : 

I, TFieir Mtraighln«'\H, 

S. Ttkeir individnally tinifonii «izc. 

a. Their extreme tetiuity. 

4, The dunl character of ?ffiinc of them. 

J. Ttu-ir p<»-sitinn in n-gard tn tlir plaitet*s fiinda< 
rnental fi'atnres. 

0. Their relation to the oa?»es. 

7. Ttic ehnraelrr of thtsc spot*; and, tinally, 

8, The *y*tcnwitic networkinjif hy b<itb eanala and 
spots of the whole surfa<v <ir the plunet. 

Upon the last pcnnt the greatest stress is laid; 
the canals are descrilied as " a Jijsteni wh'*«- end and 
aim is the tapping of the smiw-enp fnr the water 
Uicre semi-annually let l^tose; Uicn to difitribole it 
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over the planet's face." The canals inter-connect 
and seek well defined centres, their system covers the 
whole surface of the planet and allows a world-wide 
distribution of the tapped waters. Their arrange- 
ment shows the directing presence of an intelligence 
which seeks to utilise to its fullest extent the scanty 
supply of waters remaining upon the planet. 

Such are Loweirs theories in regard to the canals 
of Klars and the observations upon which these theo- 
ries and deductions rest- Are these observations cor- 
rect? have they been confirmed by other competent 
observers? If confirmed (and the features of the 
disc be substantially as depicted by Lowell) are hLs 
conclusions logical and in accord with known physi- 
cal laws? 

In considering the question of the reahty of the ap- 
pearances, it must be remembered that the study of 
]>lanetary details is attended with extreme difficulty. 
The visible disc is minute, and is seen through many 
miles of the shifting, trembling atmosphere. With 
the magnifying powers ordinarily used. Mars would 
appear somewhat the size of a silver quarter at the 
bottom of a stream three or four feet in depth. Cur- 
rents and disturbances in the water render objects at 
the bottom hazy and indistinct; only at moments of 
perfect quiet can the fettering on the coin be seen, 
The faint markings on the planet's surface are at the 
verj' limit of our vision; on the borderland where 
perception ends and illusion begins. 

.Few obsen^ers have seen the lines as Schiaparelli 
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find Lowell depict tiicm. Tlic ortKinal 'canali," 
th<: bnmd rluiiiiicK, lian^ iKfii re|*ealinlly ^flist-rvcd. 
liiit llic tliin [H.-nL"iMik(-" notwork ul" Iin*?s is more vlii- 
«ve, Youh^, witli the :^:j-in<'li t*?lest*Miie of Prince- 
Ion rnivtrfiity, *" failed tti contirm " Ihdr existence. 
With NiH [Mjwrr>* lilt' plunf-t Jipjicared e^iverixi with 
faint iimrkirigN in the- <iEinie K^-ncnil |>ositic>ns as tlie 
"canals," hut \\ilJi hiKht.-r ihjivcts thcjk" lines l>ecamc 
nicpc almdingH, inKk-tint-d and irrcKuIan The superb 
drnuin^s of Kcl-Ut und llaniArd made willi Ihe 
?)'t-jru<h I ,ick telvsoipi- iire utt<^Tly urihke \\\v 
clear-cut, ruler-and<-(jnipas.-» cffcet*^ of l-<)weU- Their 
drawinffs show soft, irrc^^iiUr -<^hn<linf(». and 
mm\c hrtiail, hir/y, ilt-di*linKl streaks. Piekcriny. at 
Arequipa, (it»st'r\'cd nnnimMis lines suhstantially like 
those i:i Schia|mrclh\s map, <.'m[ipf>c'll and llusscy at 
the Lick, Denning and Phillips aliroail. Iiave seen 
and mapiK'd many lines and markings* but in none 
of llteir drawings do the lines Ktand out nith tbe 
Aharj), ix^fular distinctncAs »cen in the sketches from 
Flag^taflT. 

Maunder denies* the physical existence of any lines: 
he considers the apparent lines on the ptarK-t'-s diM.' ti> 
be Ihe resnil i>f optical illusion. The eye is often de* 
ceivcd» und when viewing verj' faint nhading^ and 
scattered dnts there in often a tendency to perceive 
iUusory linen. The dots arc linked together and the 
faint irregitlaritie^ fire KnirM>t)K-d and straightened nut 
into lim-'S. Physical ex|)erinients and \<c%\a hnve lirf^n 
mule, but with eontradirlon' re<ndtK. Maunder 
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tested a number of schoolboys by placing before 
them a scale drawing of Mars, showing all the prin- 
cipal features except the canali. In most of the cop- 
ies made, the boys showed straight lines connecting 
the darker shadings and duplicating in many in- 
stances the disputed lines and canals of the planet. 
Flanunarion tried similar experiments with negative 
results. 

According to Newcomb the canahform appearance 
" is not to be regarded as a pure illusion on the one 
hand, or an exact representation of objects on the 
other. It groAvs out of tlic spontaneous action of the 
eye in shaping shght and irregular combinations of 
light and shade, too minute to be separately made out, 
into regular forms." 

A further strong argument against the reality of 
these canal-like forms is the fact that similar lines 
have been observed by Lowell on Mercury and on 
Venus. A comparison of tlie drawings ' of the two 
planets as made at Flagstaff with the earlier draw- 
ings of Mars made by Schiaparelli and Lowell shows 
striking resemblances. In 1897 Lowell described 
the markings upon Venus in the following words: 
" They are not shadings more or less definite, but 
perfectly distinct markings, I have seen them when 
their contours bad the look of a steel engraving/' 
This reads exactly hke the description of the canals 

1 See Chapter XIII. In a footnote \n Mars and its Canals, pub- 
lished in 1907, Lowell writes: "The Venuaian lines are hazy, ill- 
defined, and noD-uniform/' 
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of Mfir^. 'I'lml t»ru- plniirt slioiild liavr Kiidi nirintis 
iitArkirij^ \% .inf Heidi tty strung; for three to have 
Kimiiar niArklnj^s is incretlihle. 

Diiii^liLHH,^ fur iimny \vhts a pntif-fit Aiiil i^ain-i- 
taking o1)<itTVL-r (if Mars jliiiI vUivt itvsi-^tiLril rit Fhi^- 
stafT* non' explains tlu- fainter eanal-likc a|)]»earunc'<-s 
as due to optical dcfucLs in tlic luinKiii eye. The 
larger markings anil even same of Die ^n jitt-r eurials 
lie eiMi»i<lLTs ns aetiml n-allties, lint llie ixt-e^sive de* 
tail and the minute me^li-likt? Brrari)£iiiu-nt nhuun Ijy 
Lowell he eoiisiders psychological phenomena, illu- 
sions. And fi^neiitM of drfn-tivc vision. The doiiMe 
eanaU of Scliiaparelli and of Pernitni are traeid to 
similar causes, to what Douglass calls the halo 
ilhrnin. 

The reality of the geniination or donhling of the 
linei has also been queKtioneil, yet Ciimpl>ell, IIus- 
ic>% and others have conHnncd the olwLTvatiofis of 
Sehiaparelli and Lowell. Parallax, rrroncons fiKiLi- 
ing of the evcpie^^e. optirnl illnsioo and defeet.H have 
all been iiivoke<l to explain Tlit-ir peeulinr apjiearanee. 
It Lh well known tlmt a minute error iu thr ndjn^- 
n*ent of the eyepiw-e will enuse all the ?ipider-!ineM in 
tlie reticle nf a trniuiit iniilniniciit to ap)M.<ar double. 
Single lilaek liiK?s drawn on a while dise will nflen 
ap[H:ar doul)lc<l when viewed Uirough a sinall tele- 
scope. If all the lincji visible on a given date cm 
Mars Appeared double, atid all np[>earrd Kiiigle on 

I " lUiuioiu of VlKioa and tha C&n&l* ot Har*." I^jmtmr S<inm 
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other nights, sucli uii explanation of their origin 
might Ik' possible* But this is not the case. Of two 
lines on Mars, similarly inclined, one will appear 
douhle and the utht^r singlt^. Tlie same hne under 
tlic sanie circumstances will always appear double, 
the other line always single. The consensus of opin- 
ion seems to pix>vc the reality of the doubling. 
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I'lfi. ?t». IHREGULARl] :L- i v MAtS 

The regularity, the straight, undeviating course of 
the hnes upon which Lowell so strongly insists, 19 

far from being proof of their artificiahty. It \% 
proof nithci" of illusion, of some optical cfft-ct, or of 
tiatum! nitist's. Mars is [Hit ai perfectly snio<jth globe, 
its surface is uiidulathig; there are liills» valleys, and 
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moiititnins Wen. Xwmeroua obscn-atifmi? of irreffii- 
luntirs lijivc Ixx'n nindc at Uic ti-rtniiiator, or hoiii»J- 
itry U"lwt.-<-ii tliat |>orHon of the placitt \\\Hn\ wlnrU tlit- 
suii <itiinrs iiJiil tliHt ujKiii ^liich it U ni^ht. Just u 
nil tlK- j)Lr>i>ii. s<» on M«rF», dilfL^niKx-.s in elevation can 
be U'sl title riniiR'd iilon^ that line or tlic surfacxr at 
uiiich Ww sun ik ju*it riMU^ 4ir Nt'ttin){. But on uc- 
u)iuit rif tlu' r»pitl n»latioji!i of Die |il«net and itft ^{reat 
dwt«iicf these ol»ser\iitii>rifl are extremely diffieiilt- 
Ix^wdl ralrulatcA that (lilFertTici-K of le%el of leH.s timn 
2.'t(HI feet, eaniiot Ix^* (li^tlriifuiHlieil. \nw small hnght 
projcctiorKs like inonntnin {x-iiks have tiecn set-n. »o 
also have ttuttcnin^fs ami slight holhiwinj^s.' Sf^nie 
nf Ihe larper projei'tirinx lujtirefi were undcKihterlly 
ihie to <'|iMith. hut the fhitteiiin^s and ^eiu'ral irregu- 
larities must be due tn tho uneven r^iirfaee of the 
])huK't ilKelf. Hills, pUtejiiLs. arul mountains of four 
or five thousand Fct-I ultituilc iire Jndicateil hv the oli- 
sen~atJon*>i and lii^her rnu^es are tiy no means un- 
likely. Artilieiiil featurtvH, the work of intelli|fent 
bcingfl. would follow and l>e conditioned hy the natu- 
ral contour of the surfaee. The shorle^it distanee lie- 
tween tu'o {HkiniK \^ <iflen the most diflh-ult ami tlic 
longest way round ts fre<|iicntly tlic quickest way 
home. The lines nr so*cai1eil canaU mdirated liy 
Lowell al«ny« take the direct, the fihorte^t possible 
l>alh in eimm-etin^f any two points, petfardless of any 
nutiirnl features, regnrdlew* of pn»1i«L)>le liilU ami vat- 

lejTi- " The tines nin straight Ihnmghout tlwir 
< Report of Couocil R. A. S.. Fel>. S. IB9A, M*mM^ SMctK vol 
1v.. Ko. 4. 




*S4 



THE SOLAR SYSTM^f 



course." Docs this indicate the presence or the 
sence of a directing, constructive intelligence? 

The ^-^niietrie appejirance of tlie entire system of 
lines is not a proof of artiticiality. Geometry is but 
a translation of natural fomis into the precise Ian- 
gimge of inatheinatics. SnowHakes. rock crystals, and 
many other substances assmne i>euiiliful geometric 
forms and shapes. Geometrical shapes are every* ^ 
where present in nature, but nowhere o\v the vast scale 
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shown by the Lowell lines and markings. Because 
they allow geometrical forms on a vastly larger scale 
than any natural phenomenon on tlie earth, Lowell 
reasons that they cannot be the result of natural 
forces. Mere si?:e thus becomes Hie chief argmnent 
oT those who favour the artificiality of these strange 
markings. 

Ap:oin the shape of the planet is verj' nearly that 
which would be assumed by a rotating fluid mass of 
the same general size and densitj\ The polar com- 
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prcMon is alfout J^^ ;Jliion^h eflriy oliscrvers made 
it i-(>n«i(liTn}>ly iiiort- tliun Tliis. Like iltc e»rtlj. \\s 
stirfALT i» prul'ftlily vcn,' titrarly in fluul atutlibrium 
And the flow or w«tcr should he governed hy Icical 
vnrjntion^j in tlic l]<-ight of th<! surfjiLxv by IIh- trt-nd 
of IiilU niid ^nlli-ys. Ktd lU-Litrdin;; td tho^ic- nh<i mt 
in the niarkirijfs « vast irri^atin^ system, the water 
flows fmjii the north diiririK the nortlitni summer. 
Starting at tlir jxilar rJiji, il swrt'jw tlinni^ili the nrt- 
work of eaniiU thnn[>j:li \\w trrn|>cTate rt^^itins jJiut 
the wjuator, niid ferlilisi's the plains lu some 35' 
aouth hititiKk. Diirin)^ thr next aenHoii Ihc flow is 
rvvrnieti, — thr fMnilh j>i>hir raj) iiirlts nriil the water 
flows northward, (itiiLlly reitehii]>; U5' north Utitudi.'. 
Thus over that (^nnit part c>r the siirnitt lying lietwci-n 
85* south and t\5^ north hititude (fnmi Itiienos 
Ayres in the south to Wosliini^ttai in the n<»rth) tiic 
water in the fi'i-eaHe<l ennuis tlowM in opposite diree- 
tioiiN in winter and in sumtiier; lh>w» iip-liill ns readily 
us down-hill I To nveriMtiii- tlic* ohvifiu^ pliVMeal im- 
|H>!tsihilitieN of stieh a NV-steni, l^>well \% foreeil to the 
conclusion: "No natural force pmiK'ls it [water]^ 
and the infereiiee 1!^ furthright and inevitahle timt it 
is Brtiflcially hel|>ed to itx end/' The engineering 
Teat here proclaimed J4tn^>^?rs tlie inio^ination. 

Ta jmsh HiHt-ulation iLn<I imagination to thiH ex- 
tremo is farciiiil when the ^^iniplext and namt eleineii* 
tary of the plaiKtar)' cf>nditions ar«* still unkntmii. 
There ia no direct evidence thnt water even exislti 
u|>on the surface of Mars : Ws presentf in inrerred fvxmx 
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the behaviour of the polar caps* Whether this in- 
ference be correct or not, is an open question. The 
atmosphere of Mars is extremely thin, and remark- 
ably free from clouds and masses of vapour. The 
force of gravitation at the surface of the planet is 
only 0,38 that of the earth. Hence, if each square 
yard of Martian surface were supplied with the same 
amount of atmosphere that is over each square yard 
of the earth's surface, the atmospheric pressure would 
be only 0»38 that we are accustomed to< Instead of 
at thirty inches, the barometer would stand at less than 
twelve inches; the atmosphere would be as thin and 
rarified as at the tops of the highest mountains on the 
earth* It would seem, therefore, as though the tem- 
perature on Mars should be exceedingly low, far be* 
low the freezing point of water. This probability of 
a low average temperature is heightened by the fact 
of the planet's distance from the sun. Mars is a little 
more than one and a half times as far from the sun 
as the earth, and receives only about forty-three per 
cent, as much heat as does the world. Such a 
diminution in the amount of heat received by the 
earth would cause an age of perpetual snow and ice. 
In the chapter on the Heat and Light of the Sun 
the temperatures of " black " bodies at various dis- 
tances from the sun were noted. At the average 
distance of Mars such a body would have a tempera- 
ture of —22" Fahrenheit; that is, if Mars be a body 
whose temperature depends solely upon the heat re- 
ceived from the sun, if it absorb and radiate heat 
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txv^Xy, then the tcm|>eratiire of Mars nuisl be some 
SV bt-lnw tlie frL-r/iti^ jwiitil of wntrr TIr- HVcro^c 
U*m|K'r«tiii"r lif llii" fartliVi surfatf is not far U-am its 
thenn'tiral ti-miJcraturt, as ffllciilnted for it ImmIv at 
its distance from the Kuru and there ^axms to lie no 
valid reason why the tcmpcrntiirc of Mars slioiild 
vary greatly from the tluDretieul value. 

t'nk'ss, tlierefore. Mars lias a eorisiderable store of 
native heat, or unless its atnios]>herc fiiffcrs eonsider- 
ably fnini our own. the siirfaec tein[H.'ratLirc niiist lie 
far heloH' Jhat of the earth. There is no eviilenee of 
internal heul. Mars \s Nnmller than tlie earth, ami is 
prohably as old or older, and. therefore, its internal 
heat is prohahly mueh less. On the other hanth if the 
Martian atmospht-re is far rieher in water va|Hnir 
than our own. it rniuht prove to Ik- a more efficient 
blanket, lettin>{ in the short intense heat and light 
rays of the ^un« but hindering the eM-ajK' of the hnij; 
ihirk rays radiated tnmx the in>\\ of tlH.< planet. Thus 
an atmosphere full of water va|wur mi^lit act cs a 
meehanieal trap for eatehin); and storin|f up the S4)lar 
heat. To sueh an utujospbere Lowell attribtitrs the 
mild elimate which he assumes prevails u|xin Mars. 
A climate having "a mean teiii|M:rature odder than 
that of the earth, hnt above the fnt^/in^ |>nint of wa- 
ter." In other wonla, on the one hand, he explains 
the presence of and the artifleiahty of the canala hf\ 
the waR^ity of water njKUi the planrt, by the neces- 
sity of hnU)an<lin^ event' dnip "f the prwntnis fluid; 
on the other hand he a(H.*ountA for the tenipcroture 
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necessary for the existence of free water by assum- 
ing an atmosphere laden with water vapour. He 
conjures up a dry, parched desert in which sand 
storms abound, covered over with a moist, saturated 
atmospheric blanket! 

If no such atmospheric blanket exist, then the tem- 
perature of Mars must be many degrees below zero, 
and the daily variation between day and night must 
be great. In this regard the conditions should 
approach somewhat those existing on the moon» Dur- 
ing the day the surface would be heated to a consider- 
able degree by the direct rays of the sun, but at night 
the surface would radiate forth its heat and the tem- 
jwrature fall to 100° or 200° below zero. In this re- 
gard it should be noted that only that portion of the 
surface directly lighted by the sun is visible; that por- 
tion of the planet upon which it is midnight is always 
turned awav from the eaiili. 

Certain theoretical considerations of the kinetic 
theory of gases have been adduced to show that water 
vapour cannot exist in the Martian atmosphere. The 
molecules of a gas or vapour are always in rapid mo- 
tion, and for a given temperature and pressure the 
molecules of each gas have a certain definite average 
velocity; the molecules of the heavier gas moving 
more slowly than those of the lighter. Hydrogen 
molecules, for example, under atmospheric pressure 
and at a temperature of 32° Fahrenheit, move, on the 
average, with a velocity of more than a mile per sec- 
ond. This is the average velocity; many molecules 
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ItiAii this aikI iimiiy move more slowly, 
itnmtf are iriovin^ vi-rj- slnwly iuck't-fl Hiid somv. iir*? 
iiioviik^ \\\X\\ cikoriiioUN VL'loL-itios. In u ^as at or- 
ilinary pir^surc-a and densities thr f rtt' patb of a tiiolc- 
cultf is extreiitrly jJiort; ih nieaKurt'd in the millionth^ 
of an incli. In fact t\ molet'ulo is no sooner ;4tarU'i] 
on a ukurst. llian it cifllidrs with a ni^ighliour ^md tlie 
dircxtinn of \i% motion \s rliungt-d. Tlie d«-nwr tiir ^m 
the shnrlcp is the free path; only in j^a^es of exlrttme 
rarity an: Ihc path-s of u sensible lenifth. 

TIk: average vrlnoily of n [noleenle of some f>f W\e 
more coninioii gases is given in the little table helow: 

lO'drr'^ii K14 tniW |irr iM^-ond 

Water wi\\nw\t 0-38 *• - » 

,Miiu»r'hf'rie air fUUI - *• » 

iii^Bii] 0^ " ■' « 

(^rtNm ilitnlde a,:M " •• ** 

These are the vtrlnciti(ni at atmnajiherie pressure and 
at the fret^/iii^ point of water. As the len»jK'rnUjrc 
of Ihc gas incnasts, so alsi* inerease* the vei(K-ity of 
its niolteiiles; the average, or mean velocity, being 
pro|)ortiorml to the absolute teniiK-ralure. 

Now» the height to nhieh a hall will ri^e in the air 
depenils upon tlie velocity nith which it \% thrown. 
If it could be started opuurd with Miflieimt s|iee4l, it 
would ovcreonic tin* attraction of gravitation oiid 
pas:* away into spaee. There is, thus, a rerUin (Ic- 
flnitr speed which the earth can control; fit*ter lliaii 
whicJi, if a IkmIv Ir' stiirtid, it will penniiiiently escajie 
from tlic earth's e^introl Tliis deJinJIe s\^\^\ of oim* 
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trol depends upon the mass and size of the attracting 
body, and thus ^'a^ies for the different bodies of the 
solar system* The velocities of escape, as th^ might 
well be called, for several of the different bodies are 
tabulated below. 

For the Mood l.Jd miles per second 

For Mertury 2,45 " 

For MaPH 3.13 " ** 

For A'enus 6^7 " " 

Fop the Earth (J.J»5 " " 

For Jupiter 37,16 " " 

For the Sun 3Sft.OO " " " 

If now a molecule in the outer layer of the earth's 
atmosphere be moving with a velocity of seven miles 
per second it will permanently escape from the earth. 
The molecules of no gas have an average speed so 
high as this, but in all gases some few molecules are 
always moving with enormous velocities. In light 
gases the number of molecules moving with high 
speeds are greater than in the heavy gases, and the 
rate at which the different gases escaj)e will vary ac- 
cordingly. Hydrogen escapes much more freely 
than water vapour, and water vapour would go long 
before atmosplicric air. 

The moon has lost her atmosphere, although she is 
able to control velocities several times that of the aver- 
age molecule of atmospheric air. The earth's atmos- 
phere contains no free hydrogen, yet the earth can 
^ntrol a si>eed six times that of the average hydro- 




gen moleeule. Tlie nioktniles of water vapour, 90 
ulmmktit ih oiir iilrno.s|>hi-rc, «re much more slu^^ish 
than those of h>iln»gin — Uit- vt-hK'ity of the average 
water vajxiur mnlit'iiU- i% hut une vi^hteenth the ve- 
locity of esca(»c. It u-oiild weni, llwrffore. as if 
sufficient time had c-lnpsi'il for thf ImkHcs of the solar 
sjMtL-ni to [o*«c frr^m their altim?ip[Krr.<( tliost- ga*ca 
who»ie niok-cnlc't miivt^ on th4' ntrrRgc wilh vt^hx-^ities 
one sixth as great as that whidi the platiet ean control. 

The vehnity of cseaiK; rn»ni Muts is hut 3.ia miles 
per seirjnil. only eight times the i'el<H'ily of water 
vapour nioleeiile-i. Thus water va|>our would eseape 
fnMU Mars very nearly as reailily as hydrogen docs 
from tlie earth- Mars h as old as llie earth, and tlie 
water vrt|>tnir in its almosjihere mntt I*e nearly, if not 
t\mU\ i'\hauste<l hy iut\\\ (Jn Hit other hand the 
nioleeulea of carl>on-«lioxifIe move with an avei 
vcfhK'ily only al>out one foiirtet!nth that tihieli Mam 
can eontfol. This heavy and sluggish gas would, 
tlHTcfore, eseai>e wilh diltictjlly and i» prohahly yet 
ahtmdant upon our intereKting neighlMiiir. 

While, Ihn*, the klm^tie theory does rait prove the 
ini|KMsihi!ity of water vajhair existing uijon Mart, 
yet it goes fnr townrd showing sueh exijilenee to l>e 
extremely Jinpnihahk. llirt if thrre lie no water 
va]>otir on the planet, then the generally accepted ex- 
planation of the ixilar i-aps mu^st \k revised. 

Fniiii nil llic eotitlieting <lata one conclujiion may 
safely l>c drHwn and this is, that very little h aetiially 
known in regard to the cf>nditions existing on Man. 
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There are, to be sure, a great mass of observations and 
many beautiful drawings, but no thoroughly satis- 
faetorj' interpretation of the phenomena and of the 
drawings has yet been adduced. Many of the prob- 
lems, especially those of the canals, presented by this 
interesting planet are psychological, not physical- 
All that can be definitely stated in regard to the 
surface conditions on Mars may be briefly summed 
up as follows: 

1. The surface of the planet shows the presence 
of matter in two distinct forms, formerly thought to 
he land and water and now called by some desert 
sands and irrigated plains. But in what way the 
lighter coloured jxjrtions of the surface differ from 
the dark markings is not definitely known. The 
moon, which has neither air nor water, has light and 
dark patches, 

% The planet is surrounded by a very light at- 
mosphere containing vapours analogous to those of 
water or carhon-dioxide. This atmosphere cannot be 
one fourth as extensive as our own and is probably 
even far below this limit, 

8. The atmospheric vapours are condensed by 
cold and, during the winter months, are deposited at 
the poles in the form of the "ice-caps," These dis- 
appear during the Martian summer. Seasonal 
changes are also shown by the dark markings scat- 
tered over the surface, 

4. The average temperature of the planet is 
much lower than that of the earth, and is probably 
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licbw the freezing jKiint of walt-r. The tlicorttknl 
leni|H"rrtlurc of llie pluiirt is — tili" FuhrenlR-it. 

5. Tht? sdrfuLt uf tlif plam^t is nniKh* inuvcn. and 
ftltows a mass of faint dttuJI. whidi npi^ars liitfcr- 
ently to dilTcrtrnt olisfrners. The olijcctivt^ reality of 
the straight-line marking-s, or so-called c&nals. has 
not Iwcn satisfactorilv cstafali?ihcd< 



CHAPTER XI 

THE OUTEE PLANETS 

JUPITER. Next to the sun and moon, Jupiter is 
the most conspicuous object in the heavens. 
Venus is more brilliant, but is seen only in the morn- 
ing and evening twilight, while Jupiter is often over- 
liead at midnight, and outshines by far the brightest 
fixed stars. This prominence is not fictitious, is not 
eaused like that of the moon by the nearness of the 
planet, Jupiter is the largest planet of the solar 
system, larger and more massive than all the other 
planets put together. Jupiter is, in fact, a miniature 
sun, the centre and controlling body of a small planet- 
arj' system of its own — two of its satellites are larger 
than the planet Mercury, and the largest is but a trifle 
smaller than Mars. 

The orbit of this giant planet is of but little inter- 
est, except to the matliematical astronomer- The 
mean distance of the planet from the sun is five and 
a fifth (5f ) times that of tlie earth, or a little over 
483 million miles. The orbit is considerably more 
eccentric than those of Venus and the earth, its de- 
parture from circular form being sufficiently great 
to be appredable in an ordinary diagram. The ec- 
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rciilricity is n liltic Irss than ^. and the sun Is, therc- 
f<irt\ ili^pliiL-ctl S4HMC W iiiillioii iiiilt--s from tlu- tculri:. 
TliLTi r;iiJM'-4 a uirrts)iniitiiji^ variutiDri in tlii; djstnnce 
tH'tucrn the {ihitK-t mill tlic carllk nt tiiiR'H <}f op[M}?(i- 
tioii, the closc-jit »p|iroai-h of tlic two IhmIk-s ocTurritij^ 
mIk'H Jupiter is i»rar jU perihelion, a [Kiint whicli the 
tartli )iJiHM'» ill t)etolK'r of ejieli yettt- At an (letol>cr 
o{)jK>jj]tion. tlierefitn-, Jupiter mil )>e mo^it favouruhly 
Bittiatctl for ohscn'alion Jitifl may appnmeh the earth 
as clo!«e UA 3ftt) million miles. 

Around this Iiuhl- ellijjse Jtipiter travels nl an a\'er- 
a^ s|>eed of Konie ei^'ht miles ikt »<c*eom), taking 
ll.HtS years to complete one circuit. Us synodic 
period, or time fntm opposition to opixisition* is flOO 
days or w ithin w few ilays '*f one year and tine month. 
Thus the lust op|x>sition occurred in the latter part 
of Dccemhrr. 190»i. an<l the next will fall on the \'as\ 
of Januarj' and the- firMt of Frhniary, 11*1>K; there 
heiiif; no opposition in 11107. After 1W8 the op]>o5i- 
tinns will 'Kxur ahont a month later each yeiir. Iliat 
of 11HW )iap[H-Tiiu^ ill March. The earth pava-« the 
aphelion of Jupiter's orhit in April, and »o for the 
several yean^ that the op]X)Hitions cKtrtir in the sprinfi, 
Jupiter will lie in its mtwl favourable |>f>siliiin for 
ol>se nation. 

With even a small telescope Jupiter is a beautiful 
object; the disc i* distinctly oval and is croMe<l by 
bniftd shadowy l>anil*i. Thc^* Im^Us are parnllel to 
the Inn^r axin of the disc and arc of a cloud-like 
fonn, chatigiuK in shape and detail from nif^ht to 
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surface is one of continual djuii^e. In a single even- 
ing si>ijts and markings in the belts may be seen to 
pass across the t'jice of the disc, indicating a I'otation 
of the planet in a little less than ten hours, the short- 
est known jjeriod of rotation in the solar sj'stem. 

To this rapid rotation is due the marked oval forni 
of the disc; the siirfat^ of the planet l>eing in erpiilJ- 
briuni between the central attraction of gravitation 
and the centrifngal forces of rotation. In form 
Jupiter is an ohlute spheroid, the polar or shorter axis 
lying at right angles tn tlie plane of the belts. The 
oblatcness is |V- ^^ ^'^"^ polar diameter is one seven- 
teenth part less than the equatorial. In miles the 
e«piat{)rial diameter is some 88,200; the polar some 
83.000. Thus the equatorial diameter of Jupiter is 
over eleven tijnes that of the earth; the mean diameter 
of Ihe planet, on account of the great oblateness, how- 
ever, is a trifle less than eleven (10.02) times the 
mean diameter of our world. In bulk Jupiter is 
more timn thirteen hundred times as large as our little 
planet. 

The mass of, or amount of matter in, this huge 
globe can be most accurately determined from the 
motint^s of its satellites, Under the law of univer- 
sal gravitation the periodic time of a planet or satel- 
lite about its prinmrj' depends solely upon its distance 
from and the mass of the central body about which it 
revolves. The greater the mass of the central body, 
the faster its planets will revolve in their orbits; if 
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the sun'*t mass were sui]<len)y incrtNisitHl fatirfold ll»e 
year would Ik- lialvod, \fiw Uic Jirst satcIliU: (lo) 
<»f Jupiter is but tx trifle furllicr fruin tlmt planr-l 
l!^0],(KK> miles) tlmn tlie moon is fpnm Ihe earth 
('i3[i.uou miles) ami, thcrRjforv, if Jupiter ami Uie 
earth were of the same ma»s, lo wouUI njiiiplete one 
ri'volutirm in it?4 orhit in a little mnre tli/iti nrie lunar 
nuinLh, or in about 31 days. The lurtual )>enodie time 
of Id is only 42 hoiips. or Iwtwecn one sexenteciitli iind 
one eighteenth (j^^) tliat of tlie ejirtli's HAtelliie. 
To eaUM' u UkJv to revolve at Diik rate the mass of the 
earth would have to Iw increa-terl q.s the atpiure <^f 
17.8 or very nearly JlHi fold, and hence the niAsa of 
Jupiter nuwl exceed that of the earth in this projior* 
tion, Aecordin^j to Xew«inil/^ niost eareful de- 
tenniimtion the combined mit-v* nf Jupiter and itn 
satellites i" i^'aj^ 'h*** "^ the sun* or 814,3 tinien 
tliat of tlie eomhinwt nia--*** of the earth and moon. 

This mass is much less \\mt\ would l)e ex|>eeted 
from the size of the planet and slmns that it» density 
ia aniall aa eomiwired to the terrestrial ptonetw. In 
fact the average dcn^^city of Jupiter is a Httle less than 
one quarter that of the earllu hut little m^ire than 
that of water. In i\\\s regard the planet ver^' elosely 
resembles the sun and Mt^^-ms Ui be « globe of gjiwous 
matter. The interior must l>c under tnnmi'HU eoin-> 
prcasion. and may gmssibly be solid, but the outer 
imrtion?^, at least, are eom|ifvsed of gaJte.H and va|MMini. 

This fja^tnisi eharaeter of the siurfwee |>urtinnM ii 
elearly ludieated by the i)ceuliarity of tlie planet's 
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rotation; the equatorial regions rotate in a shorter 
time tlian do those in higher latitude. Cassini noted 
this (iiid pointed out tht: siniilaritj' to the rotation of 
the sun. As a general rule equatorial markings ro- 
tate in i>eriotls averaging about nine hours and fifty 
minutes, while spots midway between the equator 
and poles average some tive to six minutes longer, 
Itut different spots in the same latitude often give 
different results; bright white s|>ots appear to rotate 
faster than do the darker markings. In 1 81)0 a small 
spot Tvas observed to overtake and pass the " Great 
Red S[)ot,*' skirting around its soutlieni edge. The 
rotation jjeriods of these two adjaeent markings dif- 
fered by more than five minutes, or about yj^j part 
of tile Mhole period. In other words in a single ro- 
tation of the planet, in less than ten hours, the smaller 
spot gained nearly 2300 miles on Hie larger; the spots 
passed each other at a speed of nearly 250 miles an 
hour. In our atmosphere fifty miles an hour is a gale 
and one humlred miles an hour a hurrieane whieh 
levels and destroys all before it- Yet the '"Great 
Red Si)ot " of Jupiter maintained itself for years 
against a current of matter^ sweeping by with a ^'e- 
locity twice and three times that of a hurrieane. 

This red spot was the most permanent and the 
most remarkable of Jupiter's markings. It was 
first seen and recorded by Pritchett in July, 1878; 
although several years before that date an *' elh'pti- 
cttl ring " had been seen in the latitude in whieh the 
sfxjt afterwards appeared. By the latter part of 
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1878, the Kpot seetneil like a rofty rlmttl iitUc-lied to 
the southeni cijtiJitnrKil liaiid. l''<>r <4t.-vcnil vtrnrs it 
was the niortt ctJihsjiknioiis nuirkin^ on tlii: jjUru-t: 
it wna o\er nit.fKIO iri!k-«& Inn^ anri wiitx- 7'H>0 wiile* 




while iln wilour cki'pcnod until it !»c('anir a dull hrirk- 
red. It was not. luiwcvtr, a pcniwiiKiit, HxtsI juirt 
of A flotul piniu-t Tor it drirtrH over thi^ Mirfarv. lU 
]>erii>tl of rotalifiii chari^c^; In- IHH-H tl was revolv- 
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ing several seconds more slowly than when discov- 
ered. Again a few years later its period was once 
more lengthened. These changes were unmistak- 
able, the time of rotation in each case having been 
determined within half a second. If the faster speed 
represented the true rotation of that portion of the 
planet's disc, then, at the slower speed, the spot must 
liave steadily drifted to the westward and must have 
made a complete circuit around the planet after the 
lapse of a few years. 

These changes in the speed of rotation of the spot 
were accomi>anie(l by radical changes in its appear- 
ance. Karly in I88*J it had become semi-extinct and 
had faded so as to be barely visible. In 1886 it re- 
gained some of its old time strength and colour, and 
at the same time it was apparently retarded, its period 
being appreciably lengthened. Three years later it 
had again faded to a pale pink colour and although it 
afterwards re^i^ed slightly for a time, yet It is now 
always inconspicuous and even invisible. Yet the 
position the spot occupied can still be made out — it 
seems to ha\'e left a hole, or a bay, in the edge of the 
great southern belt. 

JTany attempts to explain the nature of this spot 
have faile<] ; no terrestrial analogi,- will suffice. It was 
not a fixed portion of the planet, it was not self-lum- 
inous, and it was not a mere cloud floating in the at- 
mosphere. Some observations seemed to indicate 
that it was fed from l>elow, that it was somewhat 
analogous to the spots and faciilfe of the sun. 
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Tijpiti'p I* III rrwlily a scnii-suii— a sun which Iins 
just ceoscil to shine. In fjict |Jort]oii?> of .Iii)>LU-r 
ni&y even Ik' ?iiillincntly Itot tti be sclf-iuniirious. 
The allHTflln, i»r Trllertiii^ jMmcr, nf Ihtr siirnwe is rx- 
trtuK-ly lii^h: iieniri!iii|^ t'> the iriejuiireineiits of 
Chiller ilk IhlK* the phuiet, n-s a whole, rellects seven- 
tj'-fivc (73) |KT cent, uf the ?kij|i]ig]jt uliieh fulls ijjHiri 
iL Venn?* reflet^.% liut lifty (50) |»cp eent, And white 
pa|>cr less than seventy (70]. Thns tht* total amotmt 
«f li^ht whieh we receive fnim .Iiipitor may \\c re- 
flei'teil Hiinti^^ht, liut IIk- ihse of the pUnet \% fnr fnmi 
unifnrnL The ^l'^kthI surface uppeJirs. not white* 
but of a deep yelUnvi^h tin^fe, and the ban'U arc of 
a chirker bmwn ur eii(»co!ute colour* It would aecm 
as tiinu^jh such a HnrfRL-c muki iint reJlcet a greutcr 
pn>|H>rtjoii nf lueiderit li^^ht tlmn pure white paiwr, 
and US a natural inference it has Ikvii su>;fc<^e<l 
tbnt simie of tiie li^^ht is native to Jupiter. Certain 
liri^bt, while s]K»lf* iKX'iL%liinfi]|y ji]i|H-Jir nn llie di-a-, 
and tlicsc shine with far greater hriUiauey than do 
any other ]H>rtion.s of tlu- planet; the albedo of thew- 
H]H)t^ must lie very hi^h* nearly, if not ipiitc one 
hundred. These s[K>ts may cvcu ^vc out mure light 
tlrnn falls u[»on them. 

But, as against this view, the si>cctrosoDpe docs DOfc 
give any indientifin of nntive luniino*«ity. The sprc- 
tnun of Jupiter is jiractit-AlIy identical with that of 
the sun; it Mhows however some traces of atmospheric 
absorption. The !«|H-ctroseo)K' apparently shows the 
planet to Ix^ surrouiidctl hy a dense, eool atTuos]>tirrr, 





Fig. 09. Changes in Jupitia's B^ltg as Drawn by Houcu 
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ititD wbk-h tile aunligdt [jcnctrak's but n short dis- 
tance. A>f'Liii the plioiiomcna of the satellites, in 
tr&juitfi ami in cctip»ca, »h<jw that the luminoMity of 
llie planet riiti^tt Le extremely feeble, if, indveil, it 
emits any light. Wliuii il icatcUito passes \i\V\ tho 
shadow of the planet, it <lisapl>cars from vk-w; wheTi 
a MLtcUitc pa.s.sc'7( betMd-n Jupiter and the suju it^ 
?iliadijw, rant u]K)n the disr, apjieurs of an inky black- 
ness. Some curious *' black transits " of the satel- 
lites have lx.-en ^vitncH»cd: tiic satcUitc appearing as 
a blark s[>ot a^aia^t the bright di«* {)f the planet: st> 
black indeed an Uy l>c mistaken for its nwn sbadcJW. 
The?*e black transits can \w explained by the rela- 
tively low local All>cdo of the Aatetlite, which, there- 
fore, rrflect^ hut little light, and appears dark by 
contrast. 

In the li^ht of our present knowledge Jupiter ap' 
pcam a body midway in development l>etweeii tlie 
liun and the earth. The planet prnhahly baa a mubII 
solid nucleus nurrounded by inimeUMe nias^'S of dense 
i-apours. The temi»erature of tlic whole planet is 
exceedingly high, that of the nucleus may even ap- 
proximate towanl the efTeelive tein[H.'nitore of tl»c 
sun's surface. This teniiH-rature gratluidly dimin- 
ishes until at the surface it i^ hardlv sufficient to make 

■ 

the planet self -luminous, but the energy of the inter* 
nal heat gives rise to violent motions and ttu: layeni of 
gaseous matter are in rapiil cin^ulatirm. 

One of the most im|>nrtant di«e*>veries tn pbywcs 
was made by the Danivh astnmonK-T. Rocmcr. 1675. 
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from obserration of Jupiter's satellites. The eclipses 
of each satellite evidently should foHovr one another 
at regular intervals, depending as tliey do, upon the 
mntinn of the satellite iii its orbit, which eaii readily 
be determined. The eclipses occur uniformly later 
than their ])redicteti times fls the earth recedes from 
Jupiter and earlier when the earth is approaching that 
planet. This i-etardation nf the eclipses as the earth 
recedes, is precisely the same for the four satellites 
and is caused hy the light having to travel a trifle 
farther eacfi time to overtake the retreating earth. 
When the earth has reached its maximum distance 
from Jupiter all the eclipses occur some sixteen 
minutes late. But at this time the earth is just the 
diameter of its orbit farther from Jupiter than when 
nearest that planet, at opposition. The whole re- 
tardation (sixteen minutea. fortj' seconds) is thus the 
time retpiired for ligiit to travel over a distance equal 
to the diameter of the earth's orbit When this dis- 
tance is kn*)wn then the velocity of light in miles per 
second can be found. 

Roeniej- thus found an approximate value for the 
"equation of light," the time required for light to 
travel the distance between the earth and the sun, and 
for the velocity of light throughout simce. At the 
present day the velocity of tight can be determined 
more accurately by experiments in a ph^'sical labora- 
tory, because the times of disappearance of the satel- 
lites cannot be observed with precision. As a result 
of such experiments by Michelson and Neweomb, it is 
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now kficmn that li^lit travels in vacuo flt Iho spet^ci i)f 
2tflV8f>0 kilotju'ta's |kt M:c<inil, with a ]ir<)t>al»le error 
of Icfls than .'10 kiloiiK'trcJi. This corrt-tiMJial?* closely 
to 18t^.H3f) miles iwr wfoiul; at which sjKrotI it takes 
the hffht of the sun 408*.^ aeconds (8 minutes 18.^ 
Ht-cxiiulA} to reach the earth, 

Saturn. Saturn is a world in the maknig; a planet 
ill llic earlier sta^s of development, h'lir lif^hter 
than Jiipiter» less dense even than water, this glol>c 
must Ik: a vast muss of roUinK- seething; va[>tnirs. At 
tlic erritrr tliere is prolialdy an riilcnscly hot sdlid. or 
setni-solid« mieleus, but the ^rvatcr jHirtion of tlK- 
huge hall, some TlitHHt miles in dJanjcter. is »>m[}osed 
of cooling and ef>ndeTisin^ vapours, ga-se* kept in 
rapid circulation hy the intense heat of Ihe central 
core. 

This is the characteristie modern discovery in re- 
gani to IheifC great planets, I>cs.s than lialf a eentur\' 
ago these btnlies were thought cf oa similar to tlic 
earth, ccmjI, dark, hahitahle worlds, Fnxrtor in I8C5, 
in Snthni and it* Stfnicm, wnitc; " When wc consider 
the analogy of our own planet, it sccins unpoasihtc 
to doubt tliat Saturn ik inhnhitc^l hy living iTcaturca 
of some sort. , , , Whether it is inhabited, as yet, 
b\' eoni[>arativcIy rudimentary' races, or whether it is 
already pcfiplmi by reasoning inifl rrs[Ninsihk- l»eing^. 
capable of ipprei'iating the wonders t)uit fturmund 
them, and ndoring their Creator — it is tiot given to 

tts to know," To*dav we know that Saturn cannot 

• 

be the abode of any form of bfe; its temperature !« 
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so high that metals and rocks melt, and the surface 
that we see is but the outer iwrtioiis of constant!)' 
shifting masses of cluutLs and vapours. 

Saturn has been known froni prehistoric times- 
While hy no means so bright as Jupiter or Venus, 
yet it is a conspicuous object in the midiiigl»t sky, 
shbiing with a dull red-yellow light, and being sur* 
passed in brilliance by but three or four of the heav- 
enly bodies. Owing to tlic immense size of its orbit, 
nine aud a half times that of the earth, its motion 
among the stars is extremely slow. On the whole 
Saturn moves forward about twelve degrees a year 
and completes a cireuit of the heavens in a little less 
than twenty-nine and a half (29.46) years. Hut 
once each year, when in opposition, the planet re- 
trogrades through an arc of some five (5°) degrees. 
At this time its motion is sufficiently rapid to be 
noticeable to the unaided eye, especially if tlie planet 
happens to be near a bright star. In between five 
and six days Saturn passes over an arc equal to the 
apparent diameter of the moon's disc, 

The synodic period of Saturn, the interval from 
opposition to opposition, is 378 days or one year and 
twelve to thirteen days. Thus each succeeding op- 
position occurs about two weeks later each year. In 
1907 Saturn ivaa on the meridian at midnight of 
September 16th, when it appeared some 4^* south 
of the celestial equator. For several weeks before 
and after this date the planet was conspicuous 
and was in a favourable position for observations. 
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In 1908 the opjjositioii will occur on September 
t>8th. and in 1909 iukI 1910, during the nicmtli of 
October. 

When viewctl thniugh a ni<H)ern tclcscofxr Satiim 
presents a most niagoiHcvnt and unique apiK-arance. 
The grrat globe is dj?4tint^ly uvhI, is crossed by dark, 
beiivy bfiiuK. and, unlike any nther IkxIv, it is sur* 
rounded by a system of broud, flat rings. These 
ririi!9 were long a puzzle to a.*itronoEnt?rs, Galileo 
fimt saw tlieui in July, IfElO, but lie utterly Failed, 
then or afterwards, to recognise their tnie elmrftclcr. 
His teleKt^)]>e niftgnitted but tliirty-two tinu-s an<] the 
dctinitioTi wua |Kx>r and the field small To him Sat- 
urn Hpjx'areil Acctmipaiiied hy two minor di?«*<t« one 
on either side of the planet, which over1ap|M'<l the 
main or ix<ntral disc an<l gnve the planet a j>ccu)iar 
triform shflpe. To Kepler he wrote, "Saturn con* 
sists of three stars in contact with one another." A 
year ami u Imlf later these appendages of tlie planet 
disappeared and Saturn showed a clear round, IhnuKh 
slightly oval. disc. Again a few years siul the ap- 
pendageK n^n]>pcarcd, Iwing at first smalb but gradu- 
ally growing larger and Inrtjcr and changing their 
sba)>e. until to Galileo they api>carcd bke great 
harifllcs. 

During the next forti' years many curious draw- 
ings of Saturn and his children were made, and many 
and vane<I were the rxplanation^ of the xtarlling 
phenomenon of their npix*arnnc*t arul di*iap|>eHrnnc^. 
Uuyghcn5i, the Dutch astronomer, enlarged and iro* 
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proved the teIescoj>es of his time, linaily making one 
128 feet in focal length. Witli this he examined 
Saturn :ifid after several years' patient stndy he an- 
nonneed in 10.59 that the planet was encircled by a 
thin ring, inclined to the ecliptic. By this inclination 
he explained the vancd appcaraijce of the ring, and 
sliowed that Its disappearance wjis caused by its edge 
hein^ temporarily turned towards the earth. 

Tliis ring is extremely thin, but quite broad, the 
diameter of its outer edge heing over twice that of the 
planet itself. The ring is parallel to the equator of 
the planet and inclined about 28° to the plane of the 
earth's orbit. As Saturn revolves about the sun 
the plane of the ring always remains parallel to it- 
self. This plane cuts the plane of the eclipHc in a 
line stretching between longitudes 166" and 346° 
When, therefore. Satiu'n reaches cither one of these 
twn points, the plane nf the ring will pass through the 
sun, and the ring will be seen edgewise by an observer 
at the sun. The earth is comparatively so near the 
sun that the ring will also appear cdgeirise to us, and 
it is so Uiiu tliat it appears as n mere line, and is in- 
visible except with powerful telescopes. Twice in 
each revolution of Saturn the ring thus disappears, 
and tlicse disappearances occur at intervals of ap- 
proximately fifteen years. In IflOT the ring was thus 
invisible, in April it appeared as a line less than six 
hundredths (0".(ir>) of a second ividc. 

After 1M7 the ring will appear to widen out, and 
the sun will shine on its southern face, which for the 
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next fifteen years will be visible. After a lapse of 
some seven ami u half ye-ar^* '>r in 1915, Sutuni will 
reach tbut i>oitit in its orbit where the r\\\)Z, apixrars 
111- its rnrtximiiin wmIUj. A^ itie plAiit.* of tlir riii^ \h 
itielined at an an^le of 'iS", the ring, at tliif& point, 
will appeur us an ellipse, tlio minor axis of which is a 
trille less than hnlf the length i>f tlur major. After 
pas<*in^ this |K>iiit of maxiimirn viMiliility. ttu.* ring 
will ^^row narrower un<i iiarrnwer, tuitil in 11)21 it 
will a>rain <lisap)>air- Shortly aflerwaril the north- 
ern side of the rin^ will Ijccomc visible, grudually 
widen out, and rcnwn in sight for (iftcen yearv 




A few years after lIuyglirnsN disrovcrj* of the true 
nature nf Saturn's ap|>f rulage, ('ft^sini in Pan^ found 
a thin black s1ri|H- roitning completely anjund Ur- 
ring, anil annotnice<l that the ring waa really com- 
|M>M^I nf two eonct-ntric ring?4, the innrr oik* lieing the 
bnm<)fr and brighter of the two. Thi« dark itpace 
separating the two rings is now known as C^uMfti't 
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divimxn. Many other siiikilar divisions have from 
time to time been suspected; but only one of thest, 
however, has been recognised as pertnanentp This 
ig the so-called Enckc division, which separates the 
outer ring into two nearly equal parts. In 1850 
Bond of Harvard discovered what for a long time 
was taken for a third ring, being inside the other two- 
Tliis, the crape nng, is Taint as c<jmpared to the other 
two; it appears dusky and very indistinct near its 
imier edge. There is apparently no distinct separa- 
tion between the inner edge of the bright ring and the 
outer edge of the cra^je ring, although some observ- 
ers, notably Dawes, have at times noted a distinct 
black band between the two* The crape ring is 
rather a grey border to its more brilliant neighbour. 

This system of rings is beautifully shown in the 
drawing of the planet, Tlie Cassini division is 
sharp and distinct, the Enckc faint and rather hazy. 
Tlie dirueiisioEis of Saturn and its rings, according to 
the latest measures by Barnard^ are given in the table 
below: 

Eqiiotopljil dlametPP of planet 7MT0 miles 

Diam^-ter uf iunt^r i^dgi; "<Tii[>e biirder".-. 88,2011 " 

Diameter of outer edge of inner liDg...... 14G,Q00 " 

I>ianieler of outer cd^e of oiittn- ring 17l2,fiOO '* 

Oirttuui-e between plnn?t and crape border,. 5,865 " 

Width of crape border 10,1100 " 

WUMh of inner ring 18,000 '' 

WMHi uf tnssini's diri«ion 2,240 '* 

Width of onter ring 11,0^0 " 
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Tbeie rings an- not iKTfcctly tinifomi. nor arc they 
comtant. The aliadow t-ji?s1 hy tlit- pliim-t ii|x>jt Ihe 
ring systrm '>ft**ri shows irrt'^ilarity. u^ if it fi.'ll upon 
an imt'ven surfftir. Whoii scvii m*«riy cdift- on, Ihc 
nn>c^ pn'^Hciit an uneven line, ^ihowiii^i; tliat thry arc 
not <iuitt? {klane> or ihn! they var\- \\\ thteknrv<i. The 
many divisions seen by sueh oh^ien'erN as t]ie Stnjve>%. 
])aH'<rs,and others indicate tliat the riii^:i elianK^ their 
sl:ape and ehnraeter to it eertiiin hniited extent, 

I'ntil ef)m|)nrft lively reeent times tl>e rinj^s 
Dioii^ht of as solid, erintinuous bodies; eaeh ririff a 
hn>A<l tut band of sohd matter. Laplaec wa>i tne 
first to investigate the stnieture nf Uu' ring •iy^tem 
from a niathi-nmtical and phy?:jcal standp^nnt, lie 
showed that a .simple hroad ring eould not exist long, 
the attraetion?4 of the planet would tear it to pieees; 
but that a riarmw irregulitr ring might lie stable pn>- 
vided it rotated &lH)ut the planet, Laplace ctin- 
ccived nf the rings as eonsifvting of a great nnmlK-r of 
narrow rotating rings, eneh In-ing non-iiniforni and 
%-ar>nng in thickness and density- In \f^%\ Pierce in- 
veatigated the mibject along the same line* and de- 
monstrated the imiK)S.sihilily' nf the rings t>eing ?toii<l, 
and in 1837 Clerk Maxivell. in Die AdnuiK Prize 
Easay, proved that tliey eould W neitlier w)lid nor 
liquid. He demna^strated eonehuivt-ly that ttw ringa 
are mere swarms of minute separate pnrtieles, caeh 
trarelling about the planet in its imn hidependent 
orbit The conlinuity of the rtngs is one of ap[kear* 
ancc only, not of substiinec. 
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While this cnnchision of MaxwelFs was based 
upon pure niathtiiialical reasoning, it was generally 
accepted as the only possible explanation of the ring 
system. In 18D5 Keeler brought out direct, observa- 
tional proof that this theorj^ is correct. By means 
of the spectroscope he was enabled to measure the 
speed of rotation of various parts of the ring, and 
found that the inner edge revolved with great rapid- 
ity. This speed gratlnallv dinjinisbed until Ihe outer 
edp;e was reached, and eveiy part of the ring system 
moved with the speed a satellite should have were it 
situated at the same distance from the planet. The 
observations upon which this beautiful result de- 
pentls were most delicate, and will always be regarded 
as among the classic observations in astronomy. 

The disc of Saturn is a faint reflection nf that of 
Jupiter; it is crossed by l>rigbt and dark belts and 
presents otherwise few distinct, or permanent, mark- 
ings. The edges of the disc are darker than the cen- 
trjil porlion an<l tlie hands fade out and become 
indefinite as they approach the edge. The bands often 
show faint rose-coloured tints and indistinct markings 
and at times brilliant white spots appear and remain 
visible for several weeks. From such a spot on the 
equatorial belt Hall determined in 1876 the period of 
rotation of the planet. He found that the length of 
Saturn's day is but little greater than that of Jupi- 
ter's, that the planet rotated upon its axis in 10 hours 
and 14 minutes. This agreed ver;^ closely with a 
previous determination by Ilerscbel* who foimd for 
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tliiFi period 10 hours and 16 minutes. But in 1003 
Itunmrd iliscuvcrrd jjojiic bright »ix>U tn nnrthern 
latitmir IWV^, and rrnni tlir nliservatioiiM iimdt* tipim 
them hy ninny ohscrvers Denning deduced a period 
of 10 hours :)8 minutes :) secouil*;. Thus, bs on Jupi- 
ten chtfercnt jwrtions of Saturn rotate at different 
hfiCTtis. theri[natoriHl |K»rtinn4 rotating at the greater 
velocity. There inu-st, therefore, exist n great e<[iift* 
torial nirrcnt which has the enormous velocity of 800 
or IMM) miles an hour rt-lalive to other porttun-s of the 
surfaet'. Lute in tht' year 1903 there was a marked 
accelemtion in rate of rotation; ohser\atioris on fif- 
teen )jright and dark M{>oti gave a mean period of 10 
hours a7 minutes 5(1 secnnd-i, some sevt-n w^ronds lest 
than found earlier in the yejir All thi* ]ndieatc<! ex- 
treme mohility in the ni&teriaU eoni|x>Tiing tlie visible 
surface of the planet, a mobility inconsistent with any 
wilid fir llnid niHttrr 

The gaseous condition of the greater portion of 
Saturn might easily l>c inferrecl fnmi the average 
ilcnsity of the plaiirt. TIk' mean dianteter of Saturn 
\% nearly nine tinKs that of the earth and its volume 
7*0 tioK^s that of nur little glol»e. Vet the mass of 
this ^rcat glolic xs, aceonling to Ilessel, only ninet)'- 
five time?^ that of Ur- rarlh. and ils average dt^n«ity, 
llierefore, less than one eighth that of our planet, Iiut 
se%*en-tent)is that of water In other wnnh Saturn 
is so Ijglil tluit it wouM Hoat tin water, its density ia 
idHtiit that of L-urk. Tlie eont^'ption nf Satunu which 
seenis most prolmbic to-day is that the phinet con- 
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sists of a sirial]. but massive solid nucleus, surrounded 
by an immense gaHeoiis atmosphere filled with minute 
liquid jjarticles; the whole at an extreEiely \ugh 
temperature, 

Uranus and Neptune. These planets are inter- 
esting on account of the history end circumstances at- 
tendiii^ their ^liscovery. They are so distant that 
jiractically nothing is definitely knowTi as to their 
physical constitution; their telescopic discs are so 
small that no certain and defiJiite markings can be 
made out. The mean distance of Uranus from the 
sun is nineteen (19) and that of Neptune thirty (30) 
times that of the earth, while the apparent diameter 
of the former is four {4t") seconds, and that of the 
latter but two and a half {S".*)) seconds of arc. 

In a general way these two bodies resemble Jupiter 
and Saturn; they are both huge globes of small aver- 
age density. Uranus is about 32,000 miles in diame- 
ter, while Neptune is slightly larger, its diameter 
being some 35»500 miles; in density the two hodies are 
miilway between Jupiter and Saturn, their average 
densities being a little greater than that of water. 
The spectra of these bodies, however, differ radically 
from those of all the other planets. Instead of show- 
ing the usual Fraunhofer lines of reflected smdight, 
their spectra show six broad absorption bands, some 
of which correspond to the hydrogen rays, and one to 
the "red-star'' line of Jupiter and Saturn. Tliese 
absorption bands indicate that the light received from 
these planets has passed thr^mgb a very dense med- 
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itVDt containing substances quite unknown in our nt- 
mospJicn". Sojnc ohscrvnlitins >i«.in tu point toward 
the piT^H^ncc of li^ht originating \\\mm\ tlH*M- jilanets, 
but dt'tinitr proof of thi.s is 3'et lacking. As opposed 
to tliin \'i<.'w, ho^tTver, arc certain »pci-trographs ob- 
tiitni--iJ l»y Iliiggins, who foun<l tl»e ii|)Cftnim of 
I'rannN to Ik' purely solar in cliaracUn showing the 
Fraunhofer lines without a trace of absorption, 

Uranus was dismvcred by Win. [ lerschel on 
March 13, 17H1. when lur firsX nntci] hu f>hject ^ith 
a planetary disc. After watchin^^ this objt^t for 
two or three nights he detected its movement nmong 
the star* and announced ll>e discovery of a ronwt- 
Lexell computed the nrbit nf this new botir. found 
that its path aUmt Ihe sun was nearly eimilar. and 
after a few months he become convinced that it was a 
planet. Within n year fnwn its discovery. (Tranm 
wfis universally recognised ivb a new niemlwr of the 
solar system. Ilerscheh until then a comparatively 
unknown amateur, Iteeanie at onee one of the most 
prominent astrononwrs of the world; he was kniglilcd 
and |R'nsioned hy the King and furnished with funds 
for huiiiling his famous four-foot rcfleeting telescxtjkc. 
Ilr eallcfi the new planet "(ieorgium Siilii*," in 
honour of his patron. King CIcorge III.;otlicrs called 
it " ITersehel/* while the Gemians named it 
*' TTranufl/' This last name, first suggested hy B<mIc, 
finaliy prevailed and sim-c 1850 ni> nlher has hern 
used. 

In thia diflCovcT^' Ilerschel was more fortunate than 
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some of his predecessors. mHo had obscn-cd the planet 
many times but had failed to recognise its eharuet^r. 
Klaiii.sttt."d had observed it as earlv as HiM and Le- 
nionnier, at Paris, obsen'ed it no less than twelve 
times, during 1708 and 17C9, Had the latter re- 
duced his observations he roiild not have failec] to 
have detected Its movement. These early obsena- 
tions of Flanisteed and Ijemonnier T^ere of greats 
value in determining the orbit of this new planet. 

At opposition Uranus is visible to an unaided eye, 
appearing as a star of tlie sixth magnitude. It can- 
not, however, be recognised unless one is familiar 
iiith the hea\'ens and knoii-s exactly where to look for 
it. TTranus travels alxiut the sirn in its orhit onee every 
eightj'-four years, thus changing its place in the sky 
only a little over four (4°) degi^ees each year. Its 
synodic period is 3G9 days, so that oppositions occur 
only four days later each year. In 1907 this planet 
came on the meridian at midnight on July 3-4, but, 
as it was some aS*" south of the equator, it did not rise 
far above the southern horizon. It will be many 
years before the planet will be favourably situated 
for Dbser\'ations made in the United States or 
Europe. 

In a telescope Uranus ap]3ears as a pale greenish 
disc, sho^ving a decided ellipticity. By some observ- 
ers this ellipticity has been estimated as high as ■^^, 
and if this be real, it indicates a rapid rotation of the 
planet. No definite rotation has yet been proved, al- 
though many years ago Buffliam obser^'ed some 
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fnint mArkiii^ atnl Kii^gcstcd tt rotation in tn-elve 
hours. OUitrr obst-rvcrs Imvc ^liuipHcd fuiiil shad- 
ings an<l iliuwiry Iwnds, wmicwhut siniilar to Uu.- dark 
Wlfi of Jupittr. Sci ificlcfinitc are these markings, 
liowcvcr, that no saliafactorj' conclusions can be 
drawn from them. 

\t-plniic was known !o exist Umg iR-fore it was 
cviT soen^ and its tiiia] discover)' ranks as the greatest 
triumph of mathcmatital astronomy. ]>uring the 
early part of last oenturj-. the tlien reeently discov- 
ered plutiet l.^rnnus lH>;:n^ Uy exhibit irregiilnrities of 
tnoHon, which i^-nnlii noi ho accounted for, except 
by the presence of some unknou-n disturbing body. 
These devintiims of L*raiius fnim iti4 ralcniatrd path 
hocajne in 11445 as great as 2'. a qnaiittly scarcely per- 
ceptible lo the naked ej'e, but " iiiloleruMe " in any 
niatheniatical theory. Two young mathematicians. 
\x VVrrier and Adams, the one in Franee, Mie other in 
England, attacked the pmhiem independently and 
reached similar condu-siom : lliat the^ deviations 
could )>e fully accounted far h^' the nttrnrtion of a 
planet outside the orbit of l^ramis. The nrhit of this 
hyi>i>theticai gihmet wn.s cH>mputed by the two matlie- 
iniLtirian^if aiid tlie part of the sky in wbteh it should 
IwT li)C«le(l was [H^inleil out. Adams's results were 
communicated to the then Astronomer Hoyal, Airy* 
and Le Vcrrier'a to llie Paris Academy of Sciences; 
Adams*s anteilating Ix'verrjer*s by a few nioilths- 

Aftcr some delay Challis, at Cambridge Olwer^a- 
lory, began a systematic search for the unknown 
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body, laboriously observing eTcr>' star within a space 
10° wide by 30° long. Tlie iHily sure way to detect 
the planet was by its motion and* therefore, Challis 
decided to map the position of every star Avithin tliis 
7one on three separate nights. lie licgan his work 
on July 20, 1846^ and in the next few weeks meas- 
ured over 3000 stars, and he||fan the comparison and 
reduction of his obscn'ations. Bleanwhilc Le V>rrier 
wrote t<j Encke at Berlin, wliere there had just been 
completed a map of tliat part of tlie sky in which the 
planet was supposed lo be loeated. On the ver>' 
night tliat Le Vcrrier's letter was received, Septem- 
ber 23, 1S46, the seareh was begun and Galle found 
an" object which was not on the map. The following 
evening the object Mas renbserxcd, and as it had 
shifted its place its true eharacter as a planet was con- 
firmed. Tlie actual planet was found less than 1° 
from the theoretical place assigned by Le Verrler, 

Upon reducing his observations Chalhs found that 
he had actually seen the pliuiet on two occasions, July 
30th and August 12th. Had he, therefore, reduced 
and compared his observations day by day. the planet 
woLiId have been discovered some weeks earlier and 
■Adams and Challis would have had the honour winch 
now belongs to Lc Verrier and Galle. 

Neptune, as this new planet is called, is some 
twenty-eight hundred millions of miles from the sun-, 
and requires one hundred and sixty-four (104) years 
to complete one revolution in its immense orbit. 
During tlie sixty-one years that have elapsed since 
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its djacovcry^ it Ims passed over but little more than 
one thini of its |>ath. !t is invisible to t)K- utiJudcd 
eye, lint apjican* in a tele7«et)j>e abduL a.s bright a«* iiii 
ciKbtli TUHKnitude star, sho^viiig, however, a distinct 
disc. It is Ao far diritant that ^radically no surface 
detaiU run bi- drtcctt-d, Vrt Uinni^b Ibi- curious 
ruolioii (jf its sat^-IIitc, it run be proved Ibat the planet 
must have a decidedly .elliptical ti^re, and that it is 
most prohnlily in ven' rapid rotation. 

For a nurnbc-r of years Xcplune will bo in opposi- 
tion during the month of January in oaeh year and 
will be vcr>' favourably situated for observation, 
crossing the meridian high up toward the ?:cnith. 



CHAPTER XII 



SATEIXITE SYSTEMS 

P OUR of the j»iajiels are ead] accompanied by 
1 two or more sateilttes, and thus form solar sys- 
tems in miniature. Two planeb^ have each a single 
moon, and two, Mermn,' and Venus, are unattended- 
In all ther*: are twtnty-iive {'25) kuown satellites, 
and of these all but the moon are telescopic bijtlies and 
were unknown and undreamed of until GaUleo turned 
his toy towards the skies and discovered the Medicean 
stars. These, the four larger satellites of Jupiter, 
were thus the first hea\'enly bodies ever discovered. 
the first fruits of the modern spirit of patient scien- 
tific research and experiment. 

Of the twenty-fire satelhtes, the earth has one, 
Mars two, Jupiter seven, Saturn ten, Uranus four. 
and strangely enough Neptune only one. Thus the 
number of satellites attending each planet increases 
regularly \nth the planets remoteness from the sun, 
until Uranus is reached. Uranus and Neptune are 
so far distant, however, that their attendant moons 
are seen with ilifRculty and there may well be 
other satellites which have as yet escaped detection. 
Only within the last few years have new satellites of 
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Jupiter «nd Saturn \icen found niul tin- flll-pcEirlral- 
Ing [ihi>to^nj[j)tic plnte nmy yet reveal oiatLy more »t- 
IctiduiitH to Uie otitt-r ntcitibcrs of tlic Niin's niiiiily. 

SatelliU-H of Mnrx. The two satellite* of Mara 
were firat seen by Ilall in August, 1877. with tlieajd of 
tlie >freat 2(t-inch t<;lescope of the Xavul Observatory 
at \Va*.liinirton. Thcjw bodies are extremely small 
and faiiit and can be r)b.-w:r\'t:fl only nhrn .Mani i.4 near 
np{>ns!tion. So fiuiall are tliey that llieir diametcni 
cannot 1>c measured; only from the amount of light 
wbHi Ihcy rcl)<.i-t can e^tiniatca of their dimeiLsions 
lie made. Afisumin^ that their surfaces have the 
Knmc reiledin;^ [jfiwcr as tlic filariet, Pickcriu^i has 
Umwd their diameters to he not far from six milea* 
With the poNNibk exceplion of s<mK" few <»f the fainter 
afttentids these n»Mii}v ^tf Mars are the smallest known 
iKKlieH of the solar systeiTi. 

The discover}* of these antellitCA funiiiitied a t6- 
marknhle eanfimkatioii of one of the wilde^tt tti^fhts of 
the human imaf^iiiation. In 17'i^ Swift jiuhlivhnt his 
)>itiii^ TiAtire, Guiliver'it TraveU, and in the voyage to 
Luputa he ridieule<l the science of his day. Astron* 
oniy ami a.st milliners rceeiveil tlu-ir fnll share of the 
ridicule; the I^pntan astronnmers were picture*! aa 
far in advance of tho;«c of Kiin>|>e. Anions their 
achiei'enients Swift rhrruiieled the dificnvcrj' of " two 
leaver stars, or SatcHUct, which revolve ahinrt Mam, 
where*>f the innennost h dii^lant from the Centre of 
the priman- I'lanct exactly three nf the Diameter^ 
and the mitcmiosl five: the former revolves in the 



j03 



THE SOLAR SYSTEM 



space of ten Hours, and tht latter in twent>''-one and 
a half/* W^beii the real satellites were f'tmiid h^ Hall 
a century and a lialf later, they weit found to be dis- 
tant from tlic planet three (2.7) and seven ((3.9) radii 
ajid to revolve iil^uul Mars \\\ j«?ritxls of seveo and a 
half and thirty hours respectively, 

HaJl gave to theae iiiiiiutc bodies the names of the 
m)'tholiigical attendants of Mars, the (iod of War, 
" Deinios " and " Phobos " { Fear and Panic) - 
Phobos, the inner satellite, is the larger and is unique 
in the solar sj'stem. Its period, or month, is the 
shortest known and is less than half llie length of a 
Martian day. This is the only case known of a satel- 
lite revolving in its orbit faster than its primary 
rotates. On accoinit of this rapid Bight, PhDbos 
passes over the surface of the planet from wfxf to 
emit to an inhabitant on Mai-s (if there }>e any) 
Phobos vi'ould appear to rise in the west and, after 
the lapse of a little over five hours, set in the east. 

Deimos also exhibits nolieeable peeuliarities. It 
rises in the east and sets in the west like any well 
regulated moon, but its motion across the heavens is 
exceedingly slow. Mars rotates on its axis tn 24 
hours and 37 minutes, while Deinios takes only 30 
hours and 18 minutes to complete its orbit- If these 
two periods were identical then Deimos would a>n- 
tinually hover over the same part of Ihe Martian sur- 
face. As the period of Deimos is slightly the longer, 
that body will appear to travel slowly toward the west 
but will remain above the horizon for several davs. 
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nitriti^ tliin time it will go tliroii^Ii all its cimiififcs of 
|ihas€, so tliJit U\ n Murti^iii is prcvSt^ntcd tlio curiotifl 
spcciiictt or a tiii>()n Jntn/jiiig nearly stationary in the 
skv, wii^tiii^ and waning, niul passing from uen' to 
full 

Satellites of JtijAtcr, Four of Jupiter*«i satellite* 
were cli'K'Ovcrc-il Iw (■alik'u ami tlif^.- niav lie seen 
with tlie Mill nf H good field or niHrinc (flass. They 
Ue m hri^hl that, were it not for tlit- da-^/Jing hril- 
liancy of Jn|>iti'n they conld lie M^n hy the unaided 
t-yr. III furl (hcrf arc- soriR- dnuhtful rtT^inls <if IIk'nc 
Medicean etars hitving been so obsen'ed and it is imt 
iiiiposaildc that one or more of them might he 
^linipM-f] h\ nne of extremely keen vision- During 
Uk- wntiiry inunediatcly following (ittlik'n\ di«c<iv- 
ery severAl additional satellites were viainied for the 
giant plAiet, hnt in every c^,^ these reput<.^i moons 
litekeil the oite e.sNential iif tH'ing miL One of tlir^e 
eiAeft IN nf more than pacing intert*Mt nn neeount of 
its l>eing proliobly one of the (irst astmnomjeal ob- 
ser%ation& made in this etninlry. On Angnnt fi. IflM 
{old style), .Inhii Winthnip, Jr,. at Hartford, ob- 
ftcrxed a !tnpfK>sed fifth ;tateltite ami Ir- later eom- 
mtinieated llic fact to the Royal Swiety. Ilia 
telest^i]>e waft a refleetor of *' hut t^ ftxite and lialfe 
with a e^ineave ev'glaas." yet the five satellites were 
distinetly seen and Winthrop c^mld diMrm no reason 
for lielirviiig t)a' fifth hixly to I>e " some lixt stmrr 
with uhieh Jujiiter miglit at that tjme he in nrare 
wnjunetinn." Itowever WinthmpV satellite was not 
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again seen and a careful investigation of the records 
a few years ago showed that he had been misled by 
■* a fixt sliiiT in ntrarc L-onjujirtion." A few years 
later, in I(i71-]i372, Winthrop was engaged in mak- 
ing astrunoniical observations at Harvard College, 
and tliufl began tlie scientific recnrd whiirh has made 
that institution faminis iii the anrjuis of ostronomy. 

After clearly proving the non-existence of several 
such pseudo-satellites, astronomers were firmly con- 
vinced that Jupiter Imd !)ijt four atteiiflauts, ihe four 
originally discovered by Galileo. Great was the sur- 
prise, therefore, when in 1892 IJaniard announced 
the discovery- of a fifth. This sateUite — for its exist- 
ence has been amply confirmed — revolves about the 
planet in a much smaller orbit than do any of the 
other four. So close to the planet is it, that only 
tliroiigli some three or four of the largest telescopes 
can it ever be seen. In visibility it is the most difli' 
cult object in the solar system and it can be obser\"ed 
only by screening off the glare from Jiiptten It has 
no eoimeetion with any uf the early pseudo-diseover- 
ies and could not have been seen through any of the 
telescopes then in existence. The discoveiy of such 
a faint and difficult body was a triumph for the great 
Lick teleseo]*e and also for the most careful, 
thorough^ and reliable observer of recent times. 

Still more recently, in 1905, two more satellites have 
been added to Jupiter's svstem. These, known as the 
sixth (VI) and seventh [VII)- were found by Per- 
rine by the aid of photography. They are extremely 
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sDiat] and iirc at a gwaX dUtaiiCF.* frnm the plfliict 
So n^iitotc- nrtr llwy tliat il (nkcs tlicm some 'Jfio dnys 
to cf»in|jlelc ihtir orbits uliout .fiipiUr. Thus their 
Dioriths arc lofi^^r thmi the years of Mcrcun' uiid of 
Venus, aiwl more Ihaii ci^ht liincu thr k-ii>ftli uf our 
hinur month. 

Tlic urijin'tul four satellites art- now coinmonly 
known A« the first (I), tlie fieitJiid (II). thr thiril 
(III), and the fourth (IV), the nmjibcm indiealing 
their relative diAtariix-s fpnm the planet. S|H*e]al 
tuunes have been a<tai^ned U> llieni and iirx- ^lill »^nic- 
times u.seih tliuMe names are lo, Kiiro|m, <ianyiriede, 
and Calyi^so. T]ieir orhits range in sv/ai fn^m six to 
twenty-four radii of tlie planet, or from '^fUMMMi to 
U 70,001) niilrH; their [X'ricKlic times, or month*^, 
r&ii^e frnni 1 ihiy and IK liouni for lo to 1H day<i aTuI 
16 )K>nni for Calypso. During their painai^ annind 
Jupiter tliLM: IkotlieH prt'Hcnt many ciirifms and inter^ 
esting phenonirtia. Their orbit* are all nearly cir- 
cular an<l lie in the plane of ,lupiter*s ef|uaton which 
differs hut Uttle from the plant- in \ihich that planet 
travirb alKnit the Min. As tlie axis of Jupiter's shadow 
lies in ihv pinne nt the urhit. Ihr satrllites will, there- 
fore, \}Qss within the shudi^w and 1r' eelip»M.-d. The 
fint Ihrtc satellites arc eclipsed at ever;- revohitirm. 
hilt the fourth MimetiineH paj^es either above or heloif 
the >tliadnw, jitst a« our nitxm usually parses abciTc 
or below the shadow of the 'iirth. 

These t^'lipses are inteiTNling in watch and they 
led to tht' di-wMucrj' of tin- velnrily with which light %% 
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propagated tlirougb space. At one time they were 
also used as an aid to iia\igation. Aw eclipse of one 
or the other of these sattfllites must oceur at iaiervals 
of less than two days> and the exact Greenwich times 
at which they occur can be calculated in advance and 
tabulatfil in the Nautical Almanacs. The captain 
of a whaling ship on a long voyage, or an explorer in 
inaccessible region.s, can thus always tind the Green- 
wich time by observing an eclipse with a small tele- 
scope or stixtng luarinc glass. Thus tlje rate of b 
cinxjnometer can be checked, or it can even be set iw 
case of stoppage. Unfortunately, however, for the 
accuracy and usefulness of this methud^ the time at 
which an eclipse occurs cannot be determined with 
exactness. The satclhtes are bodies of considerable 
size and they enter the shadow gradmilly; tijey fade 
slowly from sight and the txact instant of the eclijjse 
caimot be observed witliin many seconds. Now fouj- 
seconds concspond to one minute of arc, or to one 
nautical mile at the equator. An error of one minute 
in determining the time of an eclipse, would, there- 
fore, cause a error of fifteen miles in determining a 
ship's longitude. 

The satelliics frequently pass between the earth 
and Jupiter and then appear to crosSi or transit, the 
disc of the planet. At times also the slmdow of a 
satellite is cast upon the face of the planet and ap- 
pears like a bltick body crossing the disc. Some curi- 
ous observations have been made while the satellites 
were in transit. Barnard saw the first satellite 
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fllipurcntly chati^t' lis s\ul]x^ as it trHDHitoil tlir light 
ami (lark ]inrtioii^ of tlii' jiUiift- \\'liL'ri kc.i.*ii agaiiiict 
a <lark Urlt \\\v (-i|t)Hti)riul dirtiiirttT of llu- siitollitt- n|>- 
ix-an-il niijih llir Innyir; wbci) |>rf>.j*Ttid upon the 
hrifflil !iiirra4V or tlitr jjl^tTit-t. tlu- |M>l;ir dinrrR'trr u]>* 
pt-art'd the- lungcT, and ?icjfiictini(.-s the ■^tellitt' pvcn 
iip|>can'd clouhlo. Ilamnrd iiiti"rijri"t<"d tlww appear- 
arici-?i a.s being due to bright uiiil liark l>elt> upon 
Ihe salcllite; the [vAnr regions being dark, and the 
equatorial bright. 

Vari(Hi!i niarkingH have also Ix-en observed on 
Satelliti^ii III and IV. K^gitatorial Ih-Uh and bmid?! 
have Ix-en nxxn by Selmel>i*rli' and CaiiipiK.-ll ari<l by 
Pickering and Dougla^ts, wiijle Harnanl noted Ihe 
prcHinec of H'hitc |H»lar ea|M» fifMncwhat sitnibir in up- 
|K*ttruner to tlii)>>e on Mar^. Tbe^- Iho lHMlie?i are 
Tull fiijj^il phinet*^. Ill herng 3.}t;<> niileN and IV »3M 
milcA in diameter. They an.- iKitli eon&iderably 
larger than Mercury and only nligbtly snialler than 
Mars. 

Salfllitti of Saturn, In addition to the innumer- 
able iKidies that romi tlie rings, Saturn has a greater 
nun]l>rr of known Mdellites tluin any olher (hmIv of 
the ■'iolar fiy<4tenu Titnu. the largest and the Hmt 
knuwn. w-as dif*e<A'ered by I luygheiw in 1 1155. 
Within the next thirty years CasHJni diseovcrcd four 
more «iatelltte?f, and nearly a eentiiry lattr tler«telH-l 
addnl twfi niemU*rs to Saturn's family. The eighth 
and la-^t satellite to be viiiually discovered wa*^ found 
hy Bund at Ilanard in 1848. 
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III 1800 while examimng photographs taken the 
previous year at Arc<|uipa, \W II. I'ickering noted 
a star wliich seenieti to move about Saturn. 
Although far beyond the outermost known satellite 
Pickering deemed tliis a new member nf the solar sys- 
tem and named it Phrebc, Fur several years this 
body ivas lost among the countless faint stars of the 
Milky Way, but was again found on plates taken on 
August 8, 1904, Since that date it has been repeat- 
edly [jbotngraphed and Barnard has directly nb- 
served it ^vith the Yerkes telescope. On April 29, 
1005, Pickering found still another satelUte, this 
mr^king the tenth known attendant of Saturn, The 
extreme difTicnlty of observing these minute bodies 
may he shown by a terrestrial comparison. To see 
Pbcebe at a distance of nearly nine Imndred million 
miles is the erpiivalent of standing in New York City 
and watching the flight of a sniiilj humming-bird as it 
darti hither and thither over tlic flower beds in front 
of the Capitol at Wa.shington. 

These ten satellites vary greatly ui sl/e and in their 
respective distances from Saturn. Phoebe, the 
smallest, is some 42 miles in diameter. Titan, the 
largest, is 3000 miles in diameter, alxiut the same size 
as the planet Mercury. Mimas is but three radii 
(117,000 miles) of Saturn distant and revolves about 
that planet in 22 hours and 37 minutes: Phccbe is 
some 200 radii (7,00(j,000 miles) distant and requires 
more than 540 days to complete its orbit Tiiis, the 
longest period of any satellite, is nmre than a year 
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find a half, more than six tiiikcfl the period required 
for Mereunp' to complete its orbit ahoiit tiic siiiu 

Tlic satellites seem to form three i^roiijM*. The 
live inner unes arc all eom]»iratively near the planet, 
tlKir didtanees ranging from 117.000 to AS^.tHH) 
iiiilca. These ImkIIc* alsn an- Mirimwhat of tlie swnie 
j»tze; Mimafl, the .smallest of the group, in fionie ^W) 
miles in dianjeter. i^hile Uhen, the largest, is but 130U 
niile3. Separated fnjni tliis jcroup hy a bnvad ^ap 
tlRTe is a -ieeond >fruup of three sfltellites, — ^the sixtli 
(VI K tenth (X), and seventh (VII), whose dis- 
Unees range from 770.OOO to 93+.O0O mile-s, TfR- 
individufll.i of thin gn>iip, however, vary gently in 
size; Titan in over 3(K)0 niilefi in diameter, while 
Themi^ is vltv uuimtep Kar out U-yond the?ie three 
lie the orbits of t)K' thini gniup, Jai^etus anti l'hrel>e, 
whrtffT flistaiieeit are, re)i|jeelively, 2^ and 8 nitllimi 
miles. 

Tile motiona of these ten Mitellite?^ pre^nt rnany 
ctirinux pmblema in ecle^tial meebanieH. The oriiit 
of Titan i> nearly rireidar, while fhat nt IIy|>erion is 
verv eeeentrie. These two l>odies are bo related that 
the longer axi» of IIy|K-rion'ii f>rl)it i^ enrried annind 
i«U"C in ninett^en years in such n manner that the eon- 
jiinetions of the two flateltitea always oeeur whert- 
the distanee l*clween the two orbitu is the greatest 
All of the two inner gn>upN of Miteltite^i have their 
iirl)it» ill the 5iinie plane, the plane iif the nngrt. Jape* 
tus and l'liu.<l>e. however. trnvH in tnelined planet. 

The motion of this latter sjitelHte is inoat peculiar — 
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it retrogrades, or travels about 8atuni in a direction 
opptJsite to that in wliicb all ttic planets move. It 
will \m renieiiiiH^rrd tliat the sun and the plant^ts all 
restate upon their axes and the planets all ^e^'olve 
aix)ut the dun in tlie same direction, from west to 
east This ninth moon of Saturn breaks this rule 
and revolves from east to west. Somewhat similar 
are the motions of the four satellites of Uranus and 
of the single attendant of Neptune. 

The SateUUes of Vrmnix. Two of these four 
hudies were discovered by Ilerschel in 1787. and two 
by Lflssell in 1851, Their distances from Uranoa 
vary from 120.000 to 360.000 miles and their periods 
frnru 2.5 to 13.5 days. They are all comparatively 
small bodies, less than 1000 miles in diameter. 

The remarkable feature of this system is that the 
four bodies all move sensibly in the same plane and 
this plane is inclined 98^ to tlje planet's orbit. With 
the exeeption of a few comets all other bodies of the 
solar system travel in planes but slightly inclined to 
the ecliptic, whilst the orbits of these four moons are 
practically i)eri)eiidicular to that plane. In this 
plane the satellites revolve about Uranus in the 
retrograde direction. 

On account of the great inclination of their orbital 
plane there are times when the orbits are seen in their 
full sixe and simpe, and the satellites may be watched 

as thev revolve around antl an^und Uranus in circles. 

■- 

Once everj" forty-twu (42) years, luwever, the jjosi- 
tion of Uranus will be such that this orbital plane 
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[mxKCH tliniiii^h H)c fiiiii, and will be seen, fmm the 
i-aiili, td^e on. At Ihtst' tiiiH-s Hit satellites will scctn 
to (iMiJIntr u\* nrid down iil straight lirKM, ap|Kviriiig 
iimi jvtrlli and tlicri ?(otith of tlir planot. The In^t 
time thiN cKK-iirn-fl Hn» in ItiHtf. und the next will l>e in 
nf24. In VM)'l Trnnns was in llw nioat favourable 
|K)?(itii)n Tor I'hhtTviiiff the Mitrllitrs. 

The Satrllilr of \fptunr. So far as known \ep- 
tnne has but o'nc satellite^, wliieh was disc*(»verfd by 
La.s.*K*ll in 1K4(( witliin a month after the dm-uvcry of 
the |)binet itself. Tliiv IhkIv, wlitrli as yet liH* re- 
ceived no name, is ap|iroximatt'ly tlic si«e of our moon 
and is at alx>ut the »nnie di^tant^x* fnmi Neptune tliat 
the moon is from the eartli, Owin^, however to the 
;^reat ma*s of Neptune as compared with the earth, 
this namrtosK satellite resolves in its orbit at a much 
l^atcr Bjxxd than docs our moon; the length of a 
Neptiiiilnn month is a trilh* less than six dnya. 

The striking! firature in (^Hnmeeliim uilli thi« sit«l- 
lite and that which for many years gave it a uni(|iie 
ptai^ amnng the tHxlies of the M>lar system, if* that it 
moves around Nrplune fnim tlie east toward the 
west, it moves backwards or retmgrades. This 'lia- 
tinetioTi is []ow sliared by tbe ninUi ?MiteIlitc of Satuni 
juid [MiHsibly also by the sevenlh mfMm of Jujiiter- 
The satellites nf ITranus can hanlly be said In rctn> 
grmle for they move more nearly north and smith 
in a plane nearly perpendicular to the orbit of the 
planet. 

The orbit of this flntellite Ls dowly ehinnging its 
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position in a manner n-hieh cannot be accounted for 
unless the equatorial diameter of Neptune markedly 
exceed the polar. This peculiar shifting of the satel- 
lite's orbit indicates that Xeptune, like the earth, has 
a decided equatorial bulge and this in turn leads us to 
infer a rapid rotation for that planet Thus from the 
motions of the satellite astronomers may yet be able 
to locate the position of the poles and the equator of 
the planet and to determine its period of rotation. 



CHAPTER Xin 



COMETS AND METRORa 

I\ tlie Astrnnortiy cf tlio luiricfitM ntnK.-bi had no' 
* }KM[tio]i: III llic j^nrat U-xl-lHujfc of Ptolemy tlR-y 
lire not even mcnttorK^cl. Toward Ibc iiLJddlc of Uic 
Chriatinn Kra wc Hiid thdr nahirr ditc'UAncd, hut the; 
wtTf iiiijvi:r*mlly n'^iirdcd «*; lR*l(iiT^n^ tn tbr attno^- 
pliLTe and not us oHtronnnucAl IxHlies. Tlit- uppear- 
Bncc of our of these " hairj- stars " has always \Hxn 
llie cause nf wonder aiul of drratl. yVnd the huli- 
erous vxL-itenitnt utui a|jjin'ht<n?iJon is as mdi*-H|ircad 
If^day as it was in 157^ wlicn CK^)rKc HiiKeh, u Cier- 
nian» ^ixikc nf TyclH>'?i iirw &tar ii» n omu-t and 
chiitiird thai it was miiN<-4l hy the hitrninpf of human 
sins and wiekudnesM in tlie tipi>t- r jmrt of the air. and 
tliat the burninjff atAws from it fell upon tiK- hcaiis of 
ineii and ruii^il all klndn of disc-a-v^ uml pt-stikncc, 
even Kreneljiikenl Within Uie lawl few ytara, iti thU 
country, people have Ihx'H driven insane by tlfcc news- 
paiKTcxritinicnt ovi-r n biwly they coidil not sec; and 
in tlie " hiaek dii*trirl?* " of thf SoliIIi tlic more cmlul- 
oua |>eople prtparett their ascenKiiin nil>e?i and waited 
in fear aiHl trembling for the end of the workh 
III ttpi>earance thn^r IhxIicji vary widely: aomc are 
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Hie most magnificent objects in the heavens, stretch- 
ing ill great brilHaiit t'urvcs arross the %\\y\ others 
are faint hazy patches of light never visible except in 
the most powerful of telescopes. Of the 800 or so 
comets which ive have on our records, sonic 400 were 
observed before tlie invention of the telescope in 1610 
and were, therefore, bright objects visible to the un- 
aided eye. Of the 400 observed since that date, a 
very small niimher — some 70 or 80 only — have been 
visible without the aid of a telescope. The great 
majority of the comets now on our lists would never 
have been seen or known of had the telescope not been 
invented. During the last centurj- (uit of 300 known 
comets, only 13 were visible to the unaided eye; the 
last brilliant and conspicuous comet was that of 1882. 

If a comet be examined with a spectroscope the 
light given off is found to he partly reflected sunlight 
and partly original with the comet itself. A comet 
is, therefore, a self-luminous btxiy, and it has been 
shown that n^odium, magnesiimit and iron form a large 
part of the mass of these bodies. 

There ha^-e been many theories as to the exact na- 
ture of comets; that most generally accepted is that 
comets are "sand-hanks"; that is» that they consist 
of small particles widely separated: particles vary- 
ing in size from pinheads to small rocks and,separated 
hy many hundreds of feet. These particles are sur- 
rounded and immersed in masses of gas. Further- 
more, the mass of a comet is very smalL the vol- 
ume very large- Take the great comet of 1882, 




fe 



COMBTS AND METBOttS 



■75 



for example; incltifling its tail, its volume waa more 
thjin eiglil tlidUsaiHl tiim-s that of tlie sun; niore Ihun 
ttii thousand niillioii tiines the sixc of the earth. With 
its ht-a<l coiiipktcly c-iivdopiiiK the earth and iiukoti its 
tail would have rented on the sun. The 5iiiiiile.4t 
te1e9i<N>|>i<? comt'ts have diameters f]^~e or six times that 
of (he cartJi, 

On the other hand, in all the space occupied hy 
lhc-«c strnn^^e ImmIii^s Uk-it i« vciy little matter. Thia 
lias l)een repeatedly shown. Comets iiavu paMnei) and 
rc-passcU the earth at very chjse riuarters ujthout the 
least apparent effect on the earth* Attraction \% 
mutual; if a euniet |)uns netir a borjy of the !#olar sys- 
tcni, the nmtions of both nni^t l>e difatiirl>ed. tnjt a» \% 
always tl)e ease the smaller IhkIv suffers the frreatcr 
irijurj'. rexells comet t>r 1770 i*as»ed so eloftc to 
tlie earth that its jieriod was changes! hy days. Flad 
this eoniet contained j„/,,^ as much matter 05 the 
earth d*)es. then our year would have been lengtlKrned 
by some *eeiin<i-H <if lijiie, S*-vtTal oIIrt ciHiiet* have 
pa5ise<l even el(»ier to the earth and have been greatly 
disturbed in their paths; but during all thit time the 
lengtli of our year has not hccn altered a single sec- 
ond. We know, therefore, that the amount nf niat- 
ter contained in these cometfi must l>c less than 
|x A,^ part of the earth: an amount of matter which 
14 c<inipara)il(-< w!lh the [na*is of the earlhS atmo* 
sphere. Pn>fes,sf>r Pierce come to the conclusion that 
the nuitter near the head of an ordinarv' eomet ia about 
ec|uivalent to a ball of iron one hundred milca in di- 
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anieter- A comet rannot be weighed and tlie amount 
tif matter it n)iitatn*ii dL-terniiiiecl "ilJi exUL-liiess, but 
it is known tliat the mass of one of these bodies is ex- 
tremely smalt when compared with aiiy oilier body 
of the solar system. 

Xrjw ibis uuniite cjuantity of matter is spread out 
throuf^h an immense jwirt of space: the average den- 
sity of such a body nmst therefore be excessively 
small, about .—^ that of the air at the earth's surface. 
No vacuum can be produced in the laboraton' that 
approaches this. The above is the mean density; 
near the head of the comet, however, it la probabty 
much greater and near the extremities nf tlie tail much 
less. It has been said that if an ordinary telescopic 
comet of fifty or one hundred thousand niileg in di- 
ameter could be brought into a laboratory, it could 
l>e condensed and packed away in a pill-box and com- 
fortably carried around in one*s pocket- 
It has been noted that some of the light from a 
comet originates in that l)ody, l-ockyer suggests 
that this light is produced by collisions between tlie 
sohd masses that form the bulk of the comet. Ac- 
cording to his ideas a comet consists of a swarm of 
meteoric stones, all being originally cold and dark. 
As the swarm travels round the sun, numenms collis- 
ions take place, the temperature is raised, the particles 
vaporised and finally rendered incandescent* Some 
of the light may indeed be derived from this cause. 
Electrical discharges through the constituent parti- 
cles are also a possible cause of the light 
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Nearly all the large aiul hrillijint rotiK'Us have bc«n 
B<.H.'(iTitpanic(l by long hiiN, Dundtis t-fxiurt of IH.'Sd 
jinjIuiMy liiid IIr- iiicist syiiiuiLlriciil lUid Ixuutiful tail 
of any "if tla- rL^writ comebi, Tht- great oojnct of 
]8t4*i Bl>do piihycsMcd a mimrkably splcEidid taiL The 
t]iurkt-<) [Kt'iilJarily of thr tiiiU wf all if^iiiets is that 
they arc 1um<.ul nuny rrr>fii tlie ami a» th'Higli Rct^rcl 
u|>oii hy j«*mc n-|x.-lhng f(T^-c. Tlic tail U not in a 
straight line connfri'ting tlic sun and IIk* lit-atl. hut 
alung a curve ccmvex to the direction of tlie comet's 
motion. The Uiil im an enmnatioti, not an a]>- 
IK'odagc: tike particles that form the tail are ever 
fh»riging — llw aiij^'arantx* is eontiiuioun hut the 
matter varies from time to time, Tlw; researelws uf 
HesscI nnd other eminent nstnmomers show that the 
.sup]M>ftition of a re|Kllent aettun of the sun on the 
parlieles coiiJiKwing the tail fuily aceiiunls for the 
details ohsened and agreca with the nhsen'cd |Mwitioii 
ami s\7jc of tht" tail in the various jKiMitions of tlw- or- 
hit. Tliere liavr hwn riiatiy »u|)|Hi«i1ini]fi and thni* 
ries as to the nature of thiH re[H.-Ilerit fonx' nhieli 
eounteraetii gravitati<»n. It has Ik^en suggested that 
this repulsive furee 1.1 tfleiiri<al, ami in the huit few 
yearii ArrheiiiuK has Hu^ge-sted that it U llu* " light 
]ire8siire " <m the minute particles of gan fonning tlie 
iKxIy of tlie comet, 

Tlie thiiiry tlmt tlie repuhive force \% due to elec- 
trical action wn*i Hrst *ijggcHtc<i hy (lIlK-r* and waa 
afteruard.s dcvelofked in detail hy lirettiehin, Krcmi 
measures of many c*>mels" taiU lie found them to lie 
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of different types: the strai^iiU or hydrogen, 
tuil; th^ onliiiAry rur\'i:d \n.\\ u\ th*? hyilnK-arhnns, 
Aiul the short Ntiihhy tiijls iif tiK-tullic VHpourti. The 
repulsive forces in tln-jie difTereiit types nrc res[>ec- 
tivcly 18.5. a.*i. :f.O, iind \,^ tiiiicrs thr attrnctiun of 
grAvitatioiL Then: nrc nmny <liniciiltk*» in tliL- way 
i)f explaijiin^ thiK n'piihinn by electrical action, and 
the Iwlcst jrivt'sli>ffttjnns i>f Lt-ht^ileiv nnd others in- 
dicAte flcrioits physical objections to the entire elec- 
trical the<>ry. ' 

No such tlw>retioaI ohjeetions can lie ralsefl a^in^ 
the light pressure thcorj' as uracil by iVrrhcniiw. 
Light is jwrnt out from tlic sun in waves ainl it can l»c 
Khown tlial when light strikes against an object it 
produces a pressure. When the wnves of the sea 
Ijrrak against a beach they tend to drive the {K-bhies 
and Njind upwunl along the iK-nrlu Xdw tlit- naves uf 
light are extremely sinull an<I are nieasureil by the 
niillioolhs €»f inebcN, and when they break against 
ordiiiary-MZe particles nf matter the prewciirc tiiey 
pnxlui'e is m» iitfhiitcsini&l a<i tcj cause no luAterial 
effect; hut when ttiey break again^it and strike parti- 
cles of matter which are of the same relaljvc fare aa 
thcniHclves thcv drive thiise parlicles ulimg with Ihriii 
just as an iKVttii wave picks tip a chip and carries it 
along. The actian of "light pressure" will fully 
ami in a Mitihfactor}' manner explain the taiU of tlie 
comets* ^ 



t^CoiMt BorrtU; and Uffht Prauurv/ 
Pkfmif^l Jount^t, vol. zx.. No. 11. 



S, A. HiUbd, A«fr^ 




aSo THE SOLAR SYSTEM 

Whatever be the nature of the repulsive force there 
is no question that pai-ticles are dri\'en out from the 
head of the comet and are left behind as it passes on 
its \\2i\. Tills action becomes more and iiinre marked 
and stnmger tht closer tlie comet approaches the sim- 
The comet thus i;^ conlii^ually losing a part of itself, 
it is certainly wearing' away and heing spread out and 
scattcn^d along its path- A short-periixl cornet, one 
that returns to the sun eveiy five or six years, will, 
therefore, be but short Ii%'ed. Biela s comet is a not- 
able example of this — first seen in 1826, it was found 
to lie traveUiiig in a six-year i^eriod; it continued to 
be regularly visible until 1852, by which time it had 
become comi>lctcly di.sin teg rated. 

So much for our knowledge In regard to the physi- 
cal condition of these strange bodies: each is a swarm 
of minute particles surrounded with gas, and the 
swarm is constantly bei[ig dissipated tlirongh space* 
But wficre dn they come from; are they mere visitors 
to the solar system, or are they part and parcel of our 
little universe, are they messengers fnim outside 
space, from the distant suns, or are they the mere 
flotsam and jetsam, the debris left over or throN^Ti 
aside in the making of our sun and the earth and the 
planets ? 

Until very recent times comets were thought to he 
tiansient visitors to tlie solar sj'stem. Of the eight 
hundivd comets which have been seen and recorded 
since the shepherds watched the stars from the fields 
of Chaldea, only forty or fifty appear at first sight 
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to be int-'mbcrs of our iiystcm; the STtai majority 
ijf tlit-MT IxKiit'-s are mtcii Init umr njul llieii di;mp|>t:ur 
TKus lliey have been a>risi(lereil a* true wanrlerers, 
travelling tliroiigli space, clriftijijyE latlier jukI thither, 
juat an tlie mliii, witli its Atteiidimt n-tinue of plniictd, 
\% nuiviiig oiiviAn] tii Moiite iinkniixiii jmtli. When 
the paths ijf the sun and ^uch a free c*>iiiet upprfJiieh, 
tlic attroetion of the sun is to Uie e'>nit^ like the Hanie 
to the moth: the comet Huttent for a moment alvont 
tlic Non. ami paHscN nn its way. Hut not unscathed; 
like the nmth< Uic comet has been sinjfed; the lkn*e 
hght of the Mill has I>caten iipnii it anil sjiread out its 
partieleft and scattered titciii along Ms path. 

This idea Diat c*uiiiets on^finiitc outside the solar 
system rests up*m the •.up]>(ks<-d character f>f their 
orbits. The ^reat miijority uf these strange tHxlics 
up|>ejir to travel in |fiirafi4ilaK» ij|K-n curves lending 
fnmi infinite space tn ftn<l unnnul the sun and thence 
back into the n-^inn of tiie tixcfl stars. Sir Isaac 
Newton first »ihowed the possibility of comets nufv- 
ing in such {latlts. and Ihr- prestigt- of his niune and 
the ease and facility uitli which parabolic orbits can 
be calculated led t<j the a<I«^ptior» of this ciir%e as rc- 
presL-nting the mntiuoM af Ihcw l^Nlics. Under tlie law 
of gravitaliun a body may tru\rl alxiitt llic sun in 
any one of the three conic Kcctions, or cur%'e«. kii<»Hii 
aa the ellipse, the paralK)la, and the hy|>erl>olA. That 
is, if there wrrc in the nnivrrse hnl two hiHlies, tli*- 
sun and u comet, then woidd the n>tiict dcscnln* nlxiut 
the sun one of tliese tlirec matliematienl curves^ tike 
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exact character and size of t!it curve depending solely 
npon the speed oi' the comet relative to the sun at the 
bej^inniiig of time. But the instant a third body is 
added to tlic system this is no longer true. The par- 
aholu IS a limiting curve, is what ntiglit he called a 
curve of *^ unst^ible " motion. To describe a parabola 
about the sun. a body must liave at each point of its 
path a cei-tain definite velocity'. If this paralxtlic 
velocity be changed by the ^slightest amount the path 
ceases at once to be a parabola; if through any cause 
the velocity he decreased the path becomes an ellipse, 
if increased an hyperbola. Now if a comet start in a 
paralwjlic orbit, it catinot continue for n single in- 
stant in that path, for it must of necessity be attracted 
by Jupiter, by Saturn, or by some or all of the plan- 
ets, and such attraction will either increase or decrease 
its speed. Thus u parabolic orbit is a physical 
impossibility. 

Yet to-day the greater luimber of newly discov- 
ered eoniels are classed as jjarabolic, arid their orbits 
are computed and given as parabolas. This is be- 
cause a very small part of the actual orbit is seen, 
such a small part that it is impossible to determine 
the exact character of the real patli. Near jjeribelion 
the difference between an elliptic orbit of great eccen- 
tricity and a parabolic orbit is so slight as to be inap- 
preciable. On the other hand the labour <^f keeping 
track of a body movirjg in a very eccentric elliptic 
orbit is many, many times greater than that required 
to keep track of a body moving in tlie cori-csponding 
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paralK>lu. Paral>olic orbtta urc Ihirs omiputt^n" Hc- 
ticn*s, n[>|)ri>\i[[mtc piitlir* ussiiiiuit for tlu.- pnrjKiM.* of 
lesM-iiiriff IhIkuii', 

TI>o rcHl pallis of (.'niin'U nnist be eithLT cilip- 
161 or hy|icrlK)la-s. Kllip^it-s if Uicy arc part und par- 
cel iif tb<.' M>liir M'^tcin : ellipv.-N or liy|H.Tl>olafl 
if Hw-y tire visitors from ouUijIt? space. Bui of 
iill tile i-oinetu whose urbit^ have Ikh^ii dctcnninecl, not 
one is dearly and eoiiclusively hyperbolic* ScAcral 
nrt' ela-ssed ms Mieb, but the tTeeiitririties of the nitii- 
piitei] firbiU differ but Itttle fniui tiitity, iiiul these 
orbiU represent the i^bfit-rvatioris btit little Ix-ttcr tlian 
the oorrrs ponding [lArnholfLs. On the other band- 
there are many orbits i\bieb are cknrly tltipse^i, and 
niany more of the sonvilletl pand>o|ie orbits, wbieli 
lean to the side of the ellipse. These elliptic orbitj 
differ from th«»ie of the pbinetK in Ihnt the eeeeiitriei- 
tics arc very lar^e. and tlie eoiiR-ts therefore, pa*i« nut 
to enoniioim dlstaiK^s fn>ni the sim. Kxtvpt near 
perihelion their motion in extremely fllow and, with 
few exceptions, tbr iH-rirxIs in wbieh they travel llieir 
ctrrves are measured by hundredn and by thousands 
of years- 

Thus the real orbits of these ImmIics arc ellip«:<i nnd 
accordingly we know tiicy are tnie mcml>rrs of the 
solar KV^tem. parts t>f the nri^rtnal nebula or mete'irie 
mass from wbieh the sun aitd the planets have betm 
gradually evolve4J. 

Some few comets Iravxl in well-<lrfined elliptic 
orbita of short i)cri(Hl and of relatively small 




284 



THE SOLAR SYSTEM 



eccentricities. Thirty nr more of these have their 
aphelia near Jupiter*s orbit and linve periodic times 
ranging all the ivay from three (3) In eight (8) 
years. These form the so-calletl " Family of Com- 
ets "^ belonging to Jupiter. Neptune is eiedited with 
a similar family of six comets and the other major 
planets '^vith siimller families- 

These coniets have liad their paths made smaller 
hy the action of the planets. Moving originally in 
an immense ellipse, such a comet as it approaches 
the sun may chance to pass near one nf the greater 
planets. One of two things must then happen- its 
speed must be either increased or decreased. If in- 
creased its path will be lengthened, if decreased its 
orhit M-ill be made more distinctly elliptic and its 
period shortened. Radical ehunges in cometary 
orbits have been obsened, most notably in the eases 
of LexcU's comet of 1770, and of the Brooks pe- 
riodic conjet nf 1889, Previnns to 18ftn this latter 
body was travelling about the sun in an immense 
ellipse, never passing close enough to the earth 
to be seen- Around and around went the comet 
until in the Munnier of 188fi It passed under the spell 
of Jupiter's attraction. Its motion was decreased^ 
its path turned into the small seven-year ellipse 
around which it is now travelling, and at the same 
time the eumet itself was bniken into fragments. As 
it approached the sun in its smaller path it was dis- 
covered by Brooks in 1889 and became an object of 
niterest and of study. 
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The comet reninin<-il visihlt with U'lc^sctipes of nrdi- 
nsn* |K>iver until M»rHi, It^m, nfU^r ului-ii iluti- it 
ccnilrl be seen wjUi tite ^rrat Ljck tdcsc-i'iK only. 
With U)U iTinK'^j'>^'^'>i^ Jn.<(tnu]ie]it Bunmrd followed 
its path for iicrArly a yc^nr, itr until J»iKuir>', 1801. 
It»i path waf* (^KikputiHl liy ItauHchiit^er, J'^Kir, »n* 
others, uod prcilirtjDiis were nm<ic its to where and' 
when it would a^ain ht- M^cn. S(» dct-tiruU-ly hml Uic 
niathematk'iaiift nilriihitcHl Wa {uitli tliitt uIicti it was 
rcdisoovcrwl on June 20. 1K»«. by Juvi."IU\ it was 
witliin 7 of it?3 predicted plnt^; u distance Ic^ tliun 
one (jimrtc-r the Hpparent diameter of the nKxui. 
During this sivond apiwAraotv llie co!in-'l was much 
ffiinter than hcforc and ^vas visible for only a few 
Okorith-H. di^ap|K.-arin>f in Fchruarj-. I«97, For a third 
time llie liody rehiriieil to the vieiiiify of the earth in 
the NumnuT <if lliU3 and remained vii^ibk- until the 
following January, It wa^ much raiuler than at 
either of the former ap[>earnmr!i atid could lie !ieen 
only with the aiti of the largL-vl teles<*f)]>e%. 

The future of thin hiHly will he a^ interesting; as ibi 
past. UnlcM it iK-eome wholly disintcfn^t<.-<l hy the 
potlln^ and hauling nf the mui and pUik-U, it will be^ 
seen nj^ain in 1910, and >et a^n'm in 1t*IT' Hut earl; 
in 1081 H will again come into close appntadi with 
Jupiter, and I>eyoml that }HMnt iU hi'itoni* cannot t»c 
prt-ili<*1eiL This nilli:iiioM ^!lt pn^hahly end \\% Mtory, 
so far OK we on tlio earth arc conccnwd, for it will un- 
doubtcilly be still further hmken up and its orbit may 
be so cban^^'d llmi it will never aftcrward-i be seen. 
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Tlic most brilliant comet since that of 1882 was 
(iiscoveied l>y Danic! at Priiit-etoii early in the ninrn- 
iiijtf tjf June 10, 1007* At this time it was just l>elow 
the limit of naked eye vision, but it rapidly grew 
brighter and by July 10th was easily detected with 
the uMflfded eye. It drew nearer and nearer the 
yartli until on August 1st it was only some 70,UO0,- 
000 miles distant, and a most conspit^uous object in 
the eastern sky. It was visible for an hoiu" <)r two 
before sunrise, appearing as a hazy disc somewhat 
larger and brighter than ^lars, with a tail stretching 
nearly twenty-five degrees across the sky. As the 
monn IS Init one-hfllf a degree in diiinjeter, the tail 
of Daniel's comet equalled '\\\ length fifty mootis 
placed edge to edge. 

The comet remained ^nsihle to the naked eye dur- 
ing August, but gradually became fainter and 
fainter as it moved away from the earth. Figure 31, 
which shows it at its brightest, is from a photograph 
taken by Barnard on Jidy 17 with the 10-inch Bruce 
telescope of the Yerkes Observatorj% 

3teteors. Under the more familiar name of 
" Shooting-stars " meteors arc known to even the 
most casual observer of tlie heavens. On almost any 
dear, moonless night one or more star-like points of 
light can be seen to dart through the heavens and dis- 
appear. In summer and fall these ohjects are more 
numerous and often a score or more mav be observed 
within an hour. Occasionally a meteor of striking 
brilliancy is seen to pass hke a ball of fire across the 
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sky- The flight of siuh a IwhIj- is often acconi- 
pafiiGcl liy h)ij<] rx|ilnsiijri.s aTid u coritiimuii.'i thiiiulLT- 
like rumble. SevcntI have been seen ta strike Uie 
earth and niAny meteorio fra^ncntti aro t(i be found 
in iiitj-siLini L-(t]]eeticin*i. The jVnicTiean Mu,sciini of 
Natural Ili.story in Xrw York hns a An|KTh ailkr- 
linn, anxniK whit'h U to be fecund the lur^cNt known 
meteorite. This is the foniuuii *' A^hutto/' a huf^ 
majvi of meteoric iron wci>;hin>c 'iTJ tons. This was 
found in thcr irr IicIcIn of tbu K<ii|uiiimij-\ and brvMi^ht 
from Greenland bv Lietit. Robert E. Pearv» 

These nictcontc?i art eom|>oNcfl <»f ?*tone mixed with 
ntetulUt! iron, or Iron con]|KJiiridA> They e^jtitain 
many elements that are found on the earth, iron iin<l 
niekt-l hein^ the iiK^t fretiiient metals; yet not a 
single unknowFi element !iits tx^rn found. So far us 
the ini-re oNitttT wliieli i\\v\- eontairi, eaeli and every 
ineteciritt^ mi^ht ^ell Ike a jxirlion of our own world. 
The fonn in whieh that mutter u|>|K-nrs in tlie 
meteorite ditTcrs, however, eonMidemhly frf>m that 
in wliii-h the «ame «i]f><ttan<^^- Ap{»ear« nn tlie earth. 
They show jieeuliar rri'stals unlike any terri*slrial 
formation, S^mie ^Hght res<'m!ilanec. inileefi, haa 
Im^h flrawn l»et«veen metenritrM and the lava from 
deep voleuiKX-'S- 

The oniinary shooting-star or meteor U a small 
hfxly rendered iiieartdiseent fry its ra|ii<) Might 
through onr atmosiihepc. By two ohsrrrcns, uta- 
tioned several miles apart, making simnltaneoufl 
oliservations. the actual [wth of a meteor enn l»e 
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determined. Many siieli obsen-ations have been 
iiiatle and the paths of these bodies Ifx^ated at various 
altitudt'-s Ijtlweeii 50 and 100 miles, Th(?y are 
rarely visible for more than a second and during this 
brief time they travel some 40 or 50 miles at speeds of 
10, 20, or even 40 miles per seccjmh To the 
atmospheric friction caused by this fipeedy flight are 
due the heat and hght of these uiinyte bodies. 

When a moving hiidy is stopped its energj' of mo- 
tion is transfonned into heat. If a body moving at 
the rate of 100 yards per second be bmuf^ht to rest 
enougli heat will be produced to raise tlic tempera- 
ture of Si\\ ecjuivalent mass of water one degree eenti- 
grade, Tlie amount of energy in a moving body is 
proportional tfj the square of its velocity, and as there 
arc 1700 yards in a mile, a bndy moving at the rate 
of one inile ]>er second will produce ftlO times (17^6^) 
as much heat as a body moving 100 yards per second; 
while a body moving nt a speed of 20 miles per 
second will produce 124,000 times as much hcat» 
That is, if a metefjr moving at the average speed of 
20 miles per second* have its velocity destroyed, it will 
produce sntficicnt heat to raise its temperature 124,- 
000" centigrade, provided its specific heat be the 
same as \vater. 

This heat is developed along the meteor's path and 
a large portion of it is communicated to the surround- 
ing air. The heating pfTcct upon the meteor is 
mostly confined to the surface, which is fused and 
melted, end swept off by tlic rush of the air. Thus 
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the surface of u Inr^c nicteiir may Ije rcndt-riMl iiicaii- 
ilesc*ciitt wliik- the ihtcnur remains intensely cold. 

'V\\c tiiitiilH.'r of iiiftt^ni or KhiH>1i(i^-fitan« i.s very 
great. Wliilt- a sinj(l(? observer eaii see lint few on 
uiiy giv<*n iii^lht, yut it ha^ Ik-cii t^mipiitetJ tliul ?(cv- 
cral tinlliom pa^s into \\w iitniospliertr tm i-arli auA 
vvcry ilay. Aa a rule tlirv Uixlit*?* urt* extremt^ly 
tiiiniit^:, lianlly tiH>n^ thiiii siiiaII jk-MiU-s or partidcR 
of flint. Krom tlu' Idi^th of its jiath, and th<.' brif^ht- 
noM fff a nu-t(.-r)r, the totul amount of ii^'it givui ntF 
can bc> cu)culutL*<l. But tlii» liK'it und beat is ilerivttc] 
from the pncrgip* of the moving; body, whirh depends 
upon lis nias^s and vel(K-ity, Tb<- iilm'ily in known 
and hcnee the nuLss ean Ih: efilculaleil. Tbe etint- 
]>utationK can only he appnixiiiiate, it in tnie, but 
they are sutDeient to establish clearly the smalt size of 
the avera^' meteor,— t biKJy no larger than the tK-ad 
of n pin. 

These Ixxlies are consumed and ilissolvod away in 
the up]icr re^iotis of tlie atmosphere. An Hne dusl 
Ihry grnfluidly jurttlc down thnni^h the air and arc 
finally wattered nver the earth'* snrfiur. Oecasinn- 
ally the ho<ly is so large and Rolid that it eanmit he 
crmipletoly di*i-sr)]vcd by its pa-Hsagc Ibrougb tile at- 
iiHisplR'n". In tbi% ea*e the mtteor fnlK lo llie earth 
and Ibe mele*»rie stone Hnds a Hun] rrsting-ptace in 
some muM'uni. 

It is well known that at certain seasons of the jxar 
meteors are nwire freijuenl than at nlhrr^. In IIk" 
middle of August, toward llie middle of Xo»cml*er, 
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and again near the last of November many meteors 
are to be seen. The August meteors last for about 
a week and tlit^y all apjiear to originate in the con- 
stellation Perseus, and are for this reason called the 
Perscids. If, on an August evening, the path of 
each meteor lie marked upon a chart of the heavens^ 
aiHl these paths traced backward, then all the paths 
will he found to intersect in the so-called radiant prurtt 
in Pci'scus, The meteors are travelling through our 
atmosphere in parellel lines and all parallel hues seeiA 
to vanish in a couunon point, just as when one stands 
in the middle of a straight stretch of railroad track 
the rails and the telegraph wires all seem to meet 
III a common poiut some miles away. The radiant 
point of meteoric showers is the vanishing point of 
perspective. 

The meteors which appear yearly about November 
15th have their radiant point in Leo and are called 
Leonids. Those which appear about the 24th of 
the month radiate from ^Vndromcda and arc called 
Aiidroiriids. These two showers vary greatly from 
year to year. In 1833 and in 18fi6 great showers of 
Leonids occurred. The number that were seen dur- 
ing the early morning hours of November 12, 1833, 
were estimated by the milhons; they appeared like 
snow Hakes in a heavy storm. The shower of 1866« 
though still brilliant, was leas remarkable. Again 
some thirty-three years later, in 1898 and 1901. the 
Leonids were niucli more numerous than usual. 
Historic research shows that for some thirteen cen- 
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turica tbcae llOli<.*ca*>lc sliowt^rs haver occurred nt rejfu- 
lar intcnrsls of sionic tlurtv-thrcc or tliirlvfuur 
years, 

Tlii& jxiriodic return of tlic fthow<?rs iiitlicatcs that 
the meteors form 11 great group or swnmi which re- 
\olvv> jiU>ut the Mill ill <18j veiim. Tlit.- |mt)i uliieb 
this meteor ^uarm travels interNeets the orhit of the 
enrlh at the point where our planet is lo be found 
toward the middle of Xovcinhtn From thia jKriod 
inid rniin tlie exuel }K>!iitloii uf the radiiuit |xiinl ut 
eaeli Uni^^er it Is po&silile to eonipute Uie orhit in 
whieh these bodies are truvelling. This orhit was 
found -shortly aftrr the di^[)lay <>f IHftU an<l Seliiapa- 
rt-lli jMiinted out that it wa»t alinust ideiitieal 
with tJie orbit of Tcmide's eomet of IH(>«, The 
DK'tcors were found to be following the track of 
the enmet, to he, as it were, an inviKthle pnrt of tliat 
Uxly. 

Similar investigations show that the August me- 
teopf move in the name orbit an diil Tuttlc's ermiet of 
18(12. and that the Aiulroniids trnvel nboiit the aim 
in the eUii>se which was formerly the orbit of Itjclii'f 
comet 

l*hear coincidences lc<l to the great mociem dis- 
covery in regard tn mete^jn*; tn llic etineUistnn that 
they arc tlie disintegrated parU, the debri* of cometa^g 
The action of the sun and of the plaiirt^ brrakA up 
Hud divtipatev the d^Mist* enmetary !«wanUt am) «ent- 
lert its parliehii alnug its path. These partieira 
continue to travel about the sun and follow each 
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otiier in nearly parallel orbits. The thousands of 
comets, which have travelled about the sun, have each 
ami all left fragments to mark their respective paths, 
and tlitse t'rHgiiients the earth picks up iii tlie forni 
of nieteors. 

The idea that the vast spaces between the sun and 
the various planets are void and untenanted now be- 
longs only to the history cif science- To-day it is 
known that these spaces are tilled with vast swarms of 
ntinutc, dnst-like bodies, each and every one revolving 
ahnnt the sun in vast ellipses, each one being in fact a 
nueroseopic planet. These bodies make their pre- 
sence knuun not only as meteors or shootinp-stars. 
hut also by their power to reflect sunlight and thus 
pnicbiee the peculiar evening glow of the Zodiacal 
Light- This is a soft, faint lig-ht seen in the western 
sky for an hour or more after sunset. This glow is 
to l)e seen only on clear, dark nights* and the smoke 
and glare of a great eity render it invisible. 
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IT ia uuiveraally n-coKHisttl that the solar system 
is in [>nR-t*N<!f trf a ^rudiml fvulution.tlkiit in ihc past 
it WOK. and in llie rutnre it will Iwr. radk'ally different 
t'mni what it in to-dny. The sun. the curll), and the 
pUnetH wtTc nnl rnailL- us Ihoy ruiw arc, tliey ^rvw and 
dcvela]ieil. Af^ a^o the- t-artli and nKKin wciv one; 
together they fomKd a sin^lr hot, pliustic ^Mic in- 
capAbIc cif Mip]x>rting life; ti^ilay thr eartli iH in iU 
prime, uliile thr nuHiti is already eold and dead. N'or 
is the prt-'Ncnt eoi^ditlon of the earth the Hnal •ttaffr; 
it is slowly losing ita heat und its water, it is gradu- 
ally K'^-^tinx "'*'* ""<' ''I winic future nge will ee&MT 
in support hfe utid will heconie like the inuon, a cold^ 
lifeless biKly, 

The general idea of the growth and evolution of 
tlw si^lar *4yxteni vtus advnneed hy Kant tiver a 
hundred and fifty years ago. Itut as he was neitiier 
a matheniatieian nor an it^tnmonier hi^ work attracted 
little atteiitiiin. In 17(1(1. huwever. l>apla<^ pul>- 
lifihnl a [ifipnlnr trruti«>e im a^itronnniy ami in thiN lul 
ranced. in a eantinus anil tentative manner, his idi 
on the development of the solar system and laid the 
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foondAtiottt of \ht justh- cdrjrr^^ " nrbuUr hypo- 
tbcra." VfhSk not mmtially different from* the 
tbeoric* of Kant, his iileOA were worked out in detail 
ami flct'ordCTl wtU with tbe astrorwmiical and physical 
data of that tinK;. Wis work was eiitirtrly indepen- 
dent of Kant's and there is no eridenoe to ^ow that 
be had e\'cr even heard of earber writingrs of this 
great plnkwoiJicr, 

Jlriedy litnted. Laplace's theon- uns that the sun 
|>lanet» were e^ohed from a vast nebulous mass, 
iiitenftely hot. and originally extending far be>'ond 
llie iirhif of the fjirthest planet. This nehula, under 
the action of its own gravitation, assumed a p:lobular 
form and a rotation alx>iit an axis approximately 
perpendicular to the plane of the ecliptic. As this 
nehnlotiN niuss c^nult^d it cniitracted, and as it grew 
smaller and smaller tlie velocity of its rotation be- 
came Ki"*^^^ti'''- tliis increase in the speed being a neces- 
•ary cnnseqiicncc nf certain fundamental laws of 
mcclmiiics. With this greater speed of rotation the 
nebula gi'jidnidly beeanic flattened at the poles and 
Imlged init iii the ctiuuton Finally the rotation be- 
came sn rapid Llmt the centrifugal force at the equa- 
tor was equal to the attraction, and as a result a 
ring (»f iicbuIfMis matter was abandoned. The cen- 
tral body continncd to contract and the whole mass 
Mistimed Ihe form of a much flattened Saturn sur- 
ronntU'd by a nebulous ring, A series of rings was 
Unui abandoned, ench ring ultimately breaking up 

If! the material in it collected into a single glolic, or 
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ploiiet. The planet tliijs formed continued to rc- 
vrilve abi>ijt thr i-eritrni Miahs ami licranie in itself a 
simihr c-oiitnirtinK iLelmla; it Hkfinse tlircw off 
rirtgs arul gave birth io a system of !«(itcliitcs» 

This theory' uf tllc order ami w&y in which the 
tolar Hysteni deve]iij>rd explniitcd cv>i]ii)letely all the 
faets knou-n to Laplaoe niid his iriLniediitte siieivssors. 
It wns ^I'nerally ae^Tpted in its t-ntirtty and greatly 
alFeeted the Heientitk- thought (jf Hie last eenturii'. 
Aeenrdin^ to the iinnindifled iiehular hypothevi-i, the 
nuterniofit phniel^ Xeptvuu- must l>e the oldt-st And 
Mercury the youngest nicniWr of the mid'h fainily; 
jind the <iini, tiie planets, afkd their satellites must ill 
revolve in the same dinretion and in praetieally the 
nine phuie> At the time Luplaee elahoratcd hi^ 
hypotlitsi-s iinlhiii^ was known as to the plivftieal 
conditjans of the variouti planets and there wn.i no 
way of judf^inj; whether Merenri' or Jupiter was the 
older. 

During the century whieh Ims pnsM^I since the 
nebular liyjKitheflis was tirst given to the w(irld, nnieh 
has been k<arncd concerning the present eonditjonof 
the solar system, anti many facts hare Ix-en deveh)i>efl 
wbieh tend tn estahlivh the hnrad underlying idea of 
planetary cvnhitiini. Hut at llie \jinie tune nuiny of 
the details of the I-aplaniin hypothesis cannot be 
reetnieilrti with nil the later di**fieeries, Thf plancti 
all rotate upon their axes ami n-vnlve in their orbits 
about the sun in the same <lin.'etion as the sun itself 
rotates, and with hut one or two exeeptiona all the 
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twenU-five known satellites revolve also in the same 
direclinn. These tacts tend to suh^tantiato the gen- 
eral correctness of I-aplare's views. Again, the sun 
is now known to he a gradually contracting body; tlie 
maintenance of its light and heat ia largely due to 
its slow and steady shrinkage. Based upon the 
firmly eslablislit-d hiws wliich govern the action of all 
gases, this eoiitraetinn tlieon,' oT the siin's heat shows 
clearly that tliis hody was in ages past vastly larger 
than it ift at present; shows thiit it must have filled 
iiiiich nf tl»e space now i>ceiipie(l hy the numerous 
bodies of the si^lar system, and to this extent there- 
fore modern observations confirm the broad features 
of the nehuUir hypotlicsis. 

On t]ie otlier ham] the rapid revolution of Phobos 
about Mars cannot be explained by tlie simple La- 
])taeian hypothesis. According to this theory the 
central solar rirbnia and each subsidiary planetary 
nebula rotated more and more rapidly as it grew 
smaller and smaller. Tlnis the jwriod of rotation of 
each planet would of necessity be shorter than the 
periods of revohitinn of its satellites. Yet Phnbos 
revolves about Mars in less than one third the tin»e 
it takes JIars to rotate onee upon its axis. This 
anomaly Darwin explains by the aid of tidal friction. 
ITe conceives of Mars as having originally rotated 
much more rapidly, of a Martian day shorter than 
tlie present periofi of Phobos. The action of the 
solar tides upon the then pla.'itio planet retarded its 
speed of rotation and lengthened the day, until after 
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(bt; lajMie of ages( tht; prcw^'iit aiujiiiBltJui^ L*(jntlition was 
^rji<iiiA|]y cvdlvwi. 

Tilt iiuicT ptJrtioiiH of Sntum's ring ?timilarly n> 
voire nw>re ni|ii(lly than the planet rr)tatcN. This can 
alio t>c oxplaiiicd as due to tidal friction, but as 
Saturn is sonic »ix tinK-K a.s fitr fnim Ulc sun as Mars, 
the Roiar iiclex arc mnoli xniallrr. and tidal cvohition 
iiUKt liJivc pnKtrilnl far nK^rt- slowly than hi the 
Martian Nysti^ni. In fact it c*an )k.< shown that if tidal 
friction i» tho cause of Saturn's rutaliii^ morr slowly 
lluin lilt- intirr {Mirtinri^j of llic ring, then must Saturn 
lie some thrfe thouNJUtd times as nid \\s Mars. 

This is liifficult to Ik-IIcvc. From what wc know 
of the present physiLnl con^lillon of these tu~o Ixxlica 
it wouM »p|K'ar us thnn^li Mars is us old, if not nhler. 
than Saturn. JInrs is u ik^ad or dying world, is a 
cold, dark iKxIy with hut little* if any, water; Mir- 
roiindefl liv a thin iind tenuous ulniitsptiere. Saturn 
is a world in the making* is an intensely hot liody sur- 
rounded and envLluix.*d hy immense niaasc-s of soetli- 
ing vai>ours. Although Saturn is far larger than 
Mnrs and enntuins nearly nine hundred times as niiielt 
matter, ami would, therefore, cool much more slowly 
than the smidler planet, yet it would hunlly seeni aa 
if there eouM lie tin* gn-at dinj^arity in their agcA rc- 
f]uired hy the slow action of tidal frictiott 

Tlk." satellites of I'ranus revolve in a plane nearly 
pcriicndicnlar to the plane of the planet s orhil and 
revolve hi that plane in the retrografle direetifin; tliej 
jiingle satellite of Neptune retrognide9» lO abu docsj 
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the ninth satellite of Saturn. These arc present-day 
details of the soljir system wldch caiuiot be accounted 
for by the simple nebular theory of Laplace. Dar- 
win and liis followers explain these apparent anoma- 
lies by the agciicj- of tidal friction, Hut. while tidal 
Frietiuii has unduubtedly played a marked part in the 
evolution of the solar system^ yet there are limits to 
its potency. Tidal friction catniot explain in a sat- 
isfactory manner the retrograde nintioEi of the ninth 
satellite of Satnrn, as contrasted to the direct or for- 
ward motion uf all the other satellites of iJie Saturn- 
ian system. 

Chaniberlin and Moulton, in a recent and most 
thorough examinatton of the Laplacian theory, as 
moditicd by tidal friction, reach the cnnchision that 
our system could not have been evolved in the man- 
ner indicated by Laplace. They find serious me- 
chanical and physical difficulties in the central idea 
of l^aplace tliat the planets were evolved from con- 
centric rings cast off by the shrinking sun. If the 
matter now contained in the sun and }ilanets ever 
formed a nebula extending out to and filling the space 
within Neptune's orbit, then the density of that 
nebula must have been extremely low. If we sup- 
pose the nebula to have been in the form of an ex- 
tremely thin lens, the extreme thicknesa being not 
more tliiuj twice the present iliameter of the sua, then 
if it were homogeneous and filled the space within 
Neptune's orbit, its density could not have been more 
than ,-s^ that of air at aea-lcvel. The nebula 
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wGuUl unclnul)Cflly be more diiiMr nl iU irntre Itmn 
Ht tlif e^lgr, mid !«j Nt'|jlinnr\ rinj^ cnuld nut hiivt* 
been fvon m> ilcnsc as thiN, The iniUttT in siicii a 
ritiK would Ik.' widely s<*attcrci] and wonid pn^bably 
rtst'mldu Honicwliat the niiiltrr in llic tail of a comet. 
The inutuai ^nivitatlon liftuccn \\w varioii.^ parts 
of the ririg would Iw extremely feeble. Tiiere would 
i)c no tendency for it to condense into a planet; on 
\\\c t'ontrarv, tlR' action of anv for<*e» tbat we know 
of irould tend to diN^ip^tc it Ntill further. 

Our present knowledge of Ihc pro|KTties of matter 
makes it seem extremely inLpn>liaMc' that a planet 
could erer have been evolved from the eondensation 
of a uniform rintf of matter such as Laplaee pre- 
dicated. Thus while l^pIaee clearly demonstrated 
tli<- finidamental fnet that the solar Nvslem was not 
creates] in its prew^nt cmdition, that it has ^nmn out 
of something radically different, yet he made many 
errors wbeii he tried tn outline the exact pnKX-as by 
irhich the evolution w»s iK-c^ftinplWhed. 

Within the past two or tlircT years ClmmiK*rlin 
and Moulton have wlvanced a new theory as to the 
onler and \\\\\ in which the solar *iy*tem ban iK'eii 
develoiK'il. This is called by ChHUilKTlin the 
" plunctcsimar' and by >loidtr)n llu- "spiral" hy- 
])otlK\H!4. It avoids niany of the difliciilties. that aji- 
pear fatal lo the Laplaeian theory and seenw to give 
a reasonahk an<l a |>f^\sibk' outline of the maimer iit 
which the "tolar HVNleni may have l)ccn thrvclopcil into 
ita present c^fniiplri: atalr. 
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Laplace assumed a vast spherical mass of intensely 
hot gases from which Mere gradually evolved the sun 
and i^lanets; Moulton assuoies that the solar system 
was begun in a great spiral swarm of minute moving 
Iiai-ticles, tadi acteti iijxin aiul its niulion controlled 
hy tlie mutual gravitation of the entire swarm. The 
idea that the original form of the solar system was 
spiral, was suggested hy the great niimljer of spiral 
neljulas that are to he found in the heavens. Spiral 
nebuias are \^ry numerous, ring neliulas e?rt:remely 
rare, if indeed there ean be found a single perfect ex- 
ample of n I^pkcrari nebula. Thousantls nf tiehiilas 
are known; Iveeler estimated that over one hundred 
thousand could be photographed by the Crossley rc- 
tor of the Lick Observatory and he found the 
spiral to be the normal tyjie. In nearly every photo- 
graph the spiral form ean be distinctly traced. 

Tliese spiral nebulas are extremely iiTegular. al- 
though in many rases two distinct arms can be traced. 
These arms, however, are not smooth; they are broken 
and irregular and show large spots of dense matter, 
or ^secondary nuclei. The photographs are instinct 
with motion, the Tiebuljts all appear to be whirling 
around ami around. This whirling motion carries 
each particle of matter in an independent orbit about 
the centre; the matter moves acrossi not along the 
arms of the spiral. Tlie particles near the centre 
move in smaller orbits and much faster than those 
near the outer edge, and with growing age the spiral 
changes its form atnl shape. 
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Froni some sudi irrr^tilar spinil tbc solnr sysiem, 
aiTortJiiL^ to the jr'w tliairy, was ^mduAlly evolved* 
Tilt ]>lniLi;t» urt^ ull nf tbt* MiiiR* age, tliey have ^riiwn 
out of various rniclui which existed in the origiritil 
spiral* KiK'li iiuckus, us it revolved ohout the ren- 
trnl niJLxK, uttmcttd to itself sninlk-r jmrtw-lcH, whuse 
orhits crossed or pa^st.^ near itv path. That nucleus 





grew the fai^tt-T whose path I«i it thnnigh rcj 
rich ill tine matcriaL 

The hfc hi-itories of tlic great and Ninall planetsj 
are ii[k>ti thfs spiral hy )x 'th(.\<itM. rndirally tUffcrciit. 
The small plHOt'ts have Iwen evolved from small 
nuckh the larjjfe planets rrom nuclei originally large* 
Uwing to the very smallrieiw of their mafffn, the 
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smaller nudd grew but slowlj and could not retain 
their lighter gases. Thej" cooled rapidly and in a 
coniparatively short linie became solid bodies, without 
sensible atmospheres- As they cooled, they shrank 
in sixe, and thi^ shrinkage produced internal heat, 
which fused the interior and liberated the atmosphe- 
ric gases from the heated arid compressed rocks- 
l*lanetnids and bodies smaller than jNIereury never 
bad any real atmosphere; the atmosphere of the earth 
was ijro!)ably squeezed out from its inlerior after it 
reached its present size. 

The great pbirn:ts, on the ntlier band, have always 
I}een large; they were evolved from great nuclei. 
Because of their gi-eat original mass they retained 
their gaseous envelopes, lost their heat slowly, and 
have not eontraeted to any great exte.nt. 

In the original spiral tlie planetary nuelei were 
accompanied by smaller nuclei, which developed into 
the present satellites. The non-uniformity in the 
motions of tlies-e bodies, the retrograde motions of 
the ninth satellite of Satuni and of the lone satellite 
of Neptune, and the rapid tiight of Phobos, arc all 
accounted for by Moullon on the non-sjTTimetrical 
arrangement of the original nelmla. He finds no 
valid reason for presupposing uniformity of revolu- 
tion and of development in the embryo satellite sys- 
tems. Mais and its system differed from the stai"t 
from Saturn and its system: and thus differing in the 
beginning the evolution of the two systems pro- 
ceeded along diiferent lines. 
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Not content with traHitj^ tin* pmlmblc evnltitjon 
of f^iir j^ystciii fniin a spiral iicljula. C'luuulRrliti al- 
tctnplA ti* rarrj- his lii.st'iriral researches still rurthur 
into the realms of tiR' \ms\ and to account for the 
origin nT flif spiral itself. In the iicjir uppniadi of 
two SUJ11 i\s th<v wiiiiik-r tliniiJ^li ^ijiat-c lie Hnils the 
explanation nf tlie spiml foriru Obsien-atioii s\\o\\% 
us tliat the i?ountles.H stare are all in motion, thut they 
arc moving in different ilircetions anrl witli widely 
flifTerin^ H[>et^ils. While nnliiiurily separott.-il hy 
e]K>rnifJiis cliHtanceKf still in the cnninie f>f aj^es star 
nnist ultimately approach star and collisions must 
rt-sult. Far more rr^quent than aetuat collision, 
however, will Ik.- tlu- close approach of star to xtnr. 
During such apprf>ach each Txuly is «ubjected to tcr- 
ritic ti<lal straia^, and inunense maw*e» are torn from 
each and thro^in into spa<'e. where the niiitiinl attrac- 
tions of the two \Uivs eanse thevr detached ina-'4.se?i to 
travel in elUplie orbits al>out the t>ody from which 
they were ejected. Just as tlie moon causes two 
tides ii[K>n the earth, one where she is overhenti and 
one where jilie is undcrfrnjt, so \i\ each star thrrr will 
be ej^ed two ^reat tidal streanifi of matter, and 
thcAC streams bcf.'ouie the two ariTis of a spiral. And 
thn* the two stiir*> as they whirl hy each other, will 
\k c*>nvfrte<I into two ^reat spiral nchulaft. 

Such is the "spiral hyiwilliesis." the latest work- 
ing thwtrii- in regard to Ur- origin and development 
of the solar KysEein. It explains many of the diffi- 
culties encountered hy tlir " I^placian " or " nebular 
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hypothesis," and it is undoubtedly the most satis- 
facton* theoiy yet advanced. But it must always be 
remembered that it is only an hypothesis, a shrewd 
guess. The s'^lar system has been developed from 
some simple form, from something quite different 
froni what it is to-day: that much is certain. But 
what thf original form was nnd by what exact pro- 
cesses llie many botiies, with their intricate motions, 
were evolved is not known and never can be definitely 
known- 
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